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ABSTRACT 


This  is  the  final  report  of  a  research  and  development  program 
sponsored  by  the  Airborne  Equipment  Division  of  the  Bureau  of  Naval 
Weapons  for  the  development  of  Modular  Hydraulic  components  and  concepts. 
The  program  is  informally  called  "Project  Hydratoy"  and  vas  initiated  in 
December  of  1958"  The  tectolcal  monitor  for  the  program  was  Mr.  B.  L. 

Mfc-'  tee  of  the  Airborne  Equipment  Division. 

In  general  terms,  the  program's  basic  objectives  are  to: 

1.  Paclcage  groups  of  individual  components  into  one  hovising  to  save 
weight  and  space  and  to  gain  reliability. 

2.  Make  the  use  of  packages  more  attractive  and  to  simplify  instal¬ 
lation  and  maintenance  by  providing  a  standard  line  of  self- 
contained  cartridge -like  components  for  use  in  these  packages. 

3.  Carry  this  Integration  one  step  further  and  investigate  ways  and 
means  of  physically  integrating  the  complete  hydraulic  system 
Into  its  supporting  structure. 

4.  Develop  the  above  concepts  for  a  4,000  psi  hydraulic  sys¬ 

tem  using  corrosion-resistant  materials  and  metallic  seals. 

This  repoi’b  is  published  in  four  separately  bound  parts: 

Part  I  contains  results  of  metallic  seal  and  package  development. 

Part  II  presents  results  of  modular  component  development  and  the 
specifications  and  standai-ds  for  those  components. 

Part  III  contains  results  of  development  in  the  integrated  system 
concept  and  design  criteria  for  that  concept. 

Part  IV  is  a  report  of  materials  and  process  development  which 
occurred  in  conjunction  with  and  as  a  result  of  development  effort 
in  metallic  seals,  packages,  components,  and  system  integration. 
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Wlien  Govemmen'tj  drawines,  specifications,  or  other  data  are  used  for 
any  purpose  other  than  in  connection  with  a  definitely  related  Government 
procurement  ojwration,  the  United  States  Government  thereby  incurs  no 
responsibility  nor  any  obligation  whatsoever;  and  the  fact  that  the 
Government  may  have  fonnulated,  furnished,  or  in  any  way  supplied  the 
said  drawings,  specification,  or  other  data  is  not  to  be  regarded  by 
implication  or  otherwise  as  in  any  manner  licensing  the  holder  or  any  • 
other  person  or  corporation,  or  conveying  any  rights  or  permission  to 
manufacture,  use,  or  sell  any  patented  invention  that  may  in  any  way  be 
related  thereto. 

This  document  may  not  be  reproduced  or  published  in  whole  or  in 
part  without  prior  approval  of  the  Government. 
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SECTION  I 


INTRODUCTION 


A.  Introduction 


This  is  the  final  report  of  a  research  and  development  program 
sponsored  by  the  Airborne  Equipment  Section  of  the  Bureau  of  Naval 
Weapons  for  the  development  of  Modular  Hydraulic  components  and 
concepts.  This  program,  informally  called  "Project  Hydratoy, "  was 
initiated  in  January,  1959,  with  coordination  conferences  with  the 
services,  various  airfi'ame  contractors,  and  the  vendor  Industry. 

In  general  terms,  the  program's  basic  objectives  are  to: 

1.  Package  groups  of  individual  components  into  one 
housing  to  save  weight  and  space  and  to  gain 
reliability. 

2.  Make  the  use  of  packages  more  attractive  and 
siir^jlify  installation  and  maintenance  by  providing 
a  standard  line  of  self-contained  cartridge-like 
components  for  use  in  these  packeiges. 

3.  Carry  this  integration  one  step  further  emd  investi¬ 
gate  ways  ajnd  means  of  physically  integrating  the 
complete  hydraxilic  system  into  its  supporting  struc¬ 
ture  . 

'(■.  Develop  the  above  concepts  for  a  450*F,  4, OCX)  psi 
system  using  corrosion-resistant  materials  and 
metallic  seals. 

B.  Definitions 

Before  proceeding  further,-  several  definitions  should  be  estab¬ 
lished.  The  tenns  modtilar,  module,  and  package  will  be  used  fre¬ 
quently  throughout  the  report,  so  an  understanding  of  the  meaning 
of  these  terms  is  in  order. 

The  word  module  means  a  model  or  an  ideal  shape.  This  term  is 
used  to  Identify  the  standard  cartridge  components.  Modular,  which 
means  to  proportion  or  arrange,  is  used  to  describe  the  design 
arrangement  or  integration  of  the  modules  in  a  system  design.  A 
package,  as  used  here,  describes  a  common  housing  for  two  or  more 
components  which  contain  all  internal  passageways  necessary  for 
component  function.  Modular  design  in  architecture  or  electronics 
is  used  with  the  goals  in  mind  of  utmost  efficiency  and  simplicity. 
This  pro/'ra'd '  s  goal  in  mind  is  the  design  of  a  hydraulic  system 


based  on  the  use  of  standard  modules  whose  various  parts  are  arranged 
to  produce  a  high  degree  of  simplicity  and  whose  system  network  with 
other  modules  Is  Integrated  with  the  basic  frame  to  Increase  the 
efficiency  of  the  vehicle  as  a  whole. 

C.  Meed 

In  the  present-day  aircraft,  hydraulic  systems  consist  of  Indi¬ 
vidual  conqponents  located  throughout  the  edrcraft  with  a  large  number 
of  Interconnecting  tubes.  This  type  of  hydraulic  system  constitutes 
one  of  the  major  maintenance  problem  areas,  especially  In  fleet  opera¬ 
tions.  The  over-all  reliability  of  present  systems  Is  low.  In 
addition,  the  need  for  Individually  tailoring  the  external  configura¬ 
tion  and  attachments  for  components  In  hlgli  density  aircraft  has 
resulted  in  a  drastic  deterioration  of  standardization.  This  iMk 
of  standardization  has  also  created  logistic  problems.  This  program 
has  attempted  to  renew  standardization  of  components  and  present  a 
new  system  design  approach  which  will  allow  a  substantleil  Increase  in 
the  reliability  potential  of  a  system. 

The  high  performance  systems  needed  for  this  and  the  coming  age 
require  a  high  degree  of  reliability  with  a  minimum  of  maintenance, 
and  it  will  not  be  possible  to  build  these  feictors  in  "after  the  fact" 
as  has  been  partially  done  in  the  past  with  constant  revision  and 
modification  to  systems  that  vere  installed  after  the  vehicle  struc¬ 
ture  was  completed. 

Improvement  of  any  fluid  system  in  regains  to  reliability  and 
maintenance  will  require  several  things: 

1.  An  Investigation  of  the  fluid  system  design  and  Instal¬ 
lation  characteristics  to  produce  an  aneO^sls  of  what  needs  to  be 
done  and  why;  and,  in  addition,  a  hefty  slice  of  creative  and  Ingeni¬ 
ous  Ideas  for  new  and  better  ways  to  Improve  the  complete  airframe 
systems  Integration. 

2.  An  education  program  for  designers  and  industry  manage¬ 
ment  to  explain  the  problems  and  the  objectives  and  show  why  the  suc¬ 
cess  of  the  integrated  systems  design  concept  is  con^pletely  dependent 
upon  starting  the  integration  of  the  fluid  system  and  the  airframe 
with  the  first  and  initial  designs. 

Wliat  is  meant  by  the  term  ’^.ntegrated  systems  design"?  As  an 
example,  consider  the  hwoan  body  and  its  blood  circulation  system. 

Prom  the  power  source,  the  heart,  blood  is  pumped  to  all  parts  of  the 
body  through  a  distribution  system  consisting  of  main  trunk  lines 
(the  arteries  and  veins)  and  secondary  distribution  lines.  The  main 
trunk  lines  are  located  adjacent  to  and  parallel  with  the  structural 
skeleton  in  such  a  manner  that  the  maximuiti  protection  from  external 
damage  is  achieved.  Although  we  possibly  cannot  duplicate  the  self- 
healing  characteristics  of  the  body,  repairs  to  a  fluid  system 
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inteojrated  into  the  body  or  an  airframe  structure  can  still 
accon5)lished  althou^  certainly  not  as  readily  as  existing  systems, 
but  the  probability  of  damage  Is  a  great  deal  less  and,  thus. 

Increases  the  system's  Inherent  reliability.  An  optimum  vlsuallza* 
tlon  of  a  congiletely  integrated  fluid  systems  design  would  picture 
a  system  whose  transmission  lines  or  flow  passageways  are  an  Inte¬ 
gral  part  of  the  structure  or  are  permanently  attached  to  the  struc¬ 
ture  so  that  the  maximum  protection  from  extemeO.  damage  Is  achieved. 
The  reliability  would  then  be  based  on  the  rell'\blllty  of  the  complete 
structure.  The  components  of  the  system  would  be  grouped  Into  sub¬ 
system  i>ackages  fed  by  the  main  trunk  lines  and  would  be  placed  at 
accessible  points  In  the  structure  and  near  the  end  Item  they  cont>*ol. 
The  tle-ln  to  the  main  trunk  line  at  the  manifold  would  permit  removal 
oi*  Installation  of  the  package  without  the  necessity  of  losing  system 
fluid  nor  having  to  replace  fluid  after  reinstallation.  Use  of  the 
modular  package  would  enable  the  components  to  be  thoroughly  checked 
and  serviced  at  a  test  bench  before  Installation,  and  the  only  leak 
points  In  the  systems  \d)lch  would  require  maintenance  surveillance 
and  be  Involved  In  maintenance  reliability  would  be  the  Joint  between 
the  package  and  the  permanent  system. 

The  specific  approach  tedcen  In  this  program  was  primarily  con¬ 
cerned  with  the  development  of  a  series  of  standardized  Internal  work¬ 
ing  parts,  called  modules,  for  all  the  types  of  components  required  In 
hydraulic  system  design  (check  valves,  relief  valves,  shuttle  vedves, 
etc.).  The  airframe  designer  can  use  these  standardized  modules  to 
build  \q>  systems  of  sub-systems  required  by  his  aircraft  or  missile. 

A  built-up  system  would  consist  of  a  manifold  containing  the  working- 
part  modules  required  by  the  pcurtlcular  system,  interconnected  with 
the  necessary  fluid  flow  passe^^es.  It  can  be  an  integral  package, 
the  external  conflginratlon  of  which  can  be  ted.lored  to  fit  the  specific 
Installation.  Or,  the  manifold  may  consist  of  structural  parts  used 
for  other  purposes.  For  exanple,  the  hydraulic  sub-system  used  to 
actuate  landing  gear  might  be  packaged  In  the  mechanical  linkage  of 
the  actuating  system.  In  any  event,  with  such  concept  all  aircraft 
wovild  use  standard  modules,  the  only  difference  between  aircraft  would 
be  the  way  they  are  used  which- has  no  effect  on  maintenance  and  s\q>ply. 
In  addition,  a  tremendous  amoiant  of  simplification  may  also  result 
since  It  may  be  found  practicable  to  discontinue  the  present  practice 
of  having  different  size  components  for  eill  different  tuiblng  sizes. 
Instead,  cartridge  components  are  sized  on  flow  capacities. 

■D.  Design  Considerations 

1.  Design  Areas 

There  are  primarily  four  areas  of  design  which  require  detail 
considerations  of  their  effect  on  reliability: 

a.  System  function  design 

b.  Component  design 


0 .  Installation  design 

d.  System  connection  design 

Part  of  the  philosophy  of  the  moduleur  concept  Is  that  these 
four  areas  must  be  Individually  and  simultaneously  considered  before 
anyone  is  brought  to  the  final  stage. 

2.  Criteria 


To  apply  a  coneep.'fe  for  improving  any  of  the  four  areas  of  a 
fluid  system,  there  shouittbe  established  a  set  of  values  by  which 
specific  solutions  can  be  evaluated.  Early  in  the  modular  program 
the  following  criteria  were  established  to  be  used  in  all  phases  of 
the  program  in  evaluating  design  approaches: 

a.  Increase  the  RELIABILITY  of  the  complete  system 

b.  Improve  the  utilization  of  SPACE  required  for  the 
complete  system 

c.  Increase  the  DESIGN  FLEXIBILITY  for  systems  during 
both  initial  design  and  for  future  changes  to 
systems 

•d.  Seek  in^roved  MAINTAINABILITY  of  the  entire  system 
and  better  service  life  with  less  system  attention 
required 

e.  Reduce  the  WBIGin?  of  the  complete  system 

f.  Reduce  the  COST  of  the  complete  system  during 
initial  installation  and  during  its  service  life 

In  certain  designs,  these  factors  may  overlap  other  factors; 
for  example,  weight  saving  may  result  in  a  cost  increase.  Also,  in 
certain  applications  in  missiles,  weight  and  space  might  be  so  criti¬ 
cal  that  it  affects  all  considerations.  In  general,  an  "order  of 
importance"  should  be  assigned  to  each  factor,  then  each  weighed 
separately  when  comparing  optional  designs  or  simultaneously  when 
evaluating  one  design. 

3.  Evaluation 


When  a  new  design  idea  or  concept  is  visualized,  the  first 
evaluation  to  be  considered  is  what  advantages  does  this  new  concept 
offer  over  the  latest  refinement  of  the  concept  to  be  replaced. 

Often  when  some  new,  interesting  idea  is  conceived,  we  become  intrigued 
with  its  freshness  and  challenge,  and  fail  to  make  a  general  analysis 
of  its  over-all  comparison  to  existing  concepts  for  predicted  appli¬ 
cation. 

In  preparing  the  analysis  for  a  comparison  of  the  new  concept 
against  the  old,  there  are  two  premises  that  have  to  be  made. 
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a.  Has  the  old  concept  been  used  properly  and  all  its 
potential  realized?  In  other  word8>  has  the  old 
concept  been  developed  to  the  point  of  practical 
perfection.  If  not,  it  should  be  assumed  for  analy¬ 
sis  comparisons  that  the  old  concept  is  perfected. 

b.  It  should  also  be  assumed  when  a  con5>arison  for  a 
particular  application  is  made  that  the  new  concept 
is  also  perfected,  so  that  only  its  inherent  general 
values  (good  or  bad)  are  considered.  This  prevents 
the  basic  analysis  from  becoming  stymied  in  detail 
design  problems  which  need  not  be  considered  until 
the  general  euialysis  indicates  that  the  basic  idea 
involved  is  advantageous. 

The  various  concepts  of  the  modular  approach  were  analyzed  by 
the  preceding  criteria.  However,  in  most  instances,  particularly  the 
program  efforts  to  mate  the  system  and  the  airframe,  the  practice 
prevalent  in  the  industry  of  installing  the  hydraulic  system  where 
there  was  room  to  sq,ueeze  it  in  without  interferring  with  structure 
or  other  equipment,  made  a  logical  comparison  of  design  fundamentals 
extremely  difficult. 

Design  Use 


The  modular  designs  produced  by  this  program  were  approswshed 
on  the  consideration  that  the  eventual  use  would  be  in  aerospace 
vehicles  in  production  quantities.  These  designs  were  evaluated  on 
the  same  basis  but  several  premises  or  philosophies  of  use  had  to  be 
assumed.  These  premises  are: 

a.  Sufficient  lead  time  would  be  available  for  package 
design  and  system  installation  design  during  basic 
design. 

b.  Simulated  system  tests  would  be  performed  before 
cast  or  forged  packages  are  committed. 

c.  Installation  or  replacement  of  individual  mod'ules 
will  be  performed  only  at  an  established  assembly 
station.  Vehicle  installation  or  replacement  will 
be  for  complete  packages  only. 

d.  The  use  of  a  permanent  type  fluid  connection  (brazed 
fitting  or  equivalent)  would  be  used  throughout  the 
system. 


E.  Objectives  and  Requirements 

1.  Objectives  for  Project  H/dratoy 

a.  Develop  a  method  that  will  permit  renewed  standardiza¬ 
tion  of  hydraulic  components. 

b.  Establish  and  develop  a  line  of  standard  Type  III 
modular  hydraulic  system  components. 

c.  Establish  and  develop  methods  for  packaging  modular 
components  Into  complete  hydraulic  sub-systems. 

d.  Develop  and  test  static  type,  allJmetal  seals  to  satisfy 
all  requirements  for  sealing  the  modular  components  when 
Installed  in  manifold  cavities. 

e.  Develop  methods  for  creating  basic  aircraft  structural 
configiurations  which  can  do  double  duty  by  providing 
fluid  power  transmission  paths  in  addition  to  performing 
the  structural  functions. 

f.  Develop  methods  for  reducing  or  eliminating  the  quanti¬ 
ties  of  hydraulic  rigid  and  flexible  lines  and  their 
attendant  brackets,  clamps,  screws  and  cleeurance  problems. 

g.  Develop  methods  for  creating  dynamic  Joints  which  can 
replace  flexible  hoses  or  tubing  coils. 

h.  Evaluate  the  over-all  feasibility  of  these  new  approaches 
to  creating  aircraft,  missile,  and  space  vehicle  hydraulic  . 
systems. 

2.  Requirements 

The  basic  general  requirements  for  Project  Ifydratoy  were 
established  as  follows: 

a.  System  Fluid 

KiO-8200  hydraulic  fluid 

b.  System  Pressures 

4,000  psi  —  normal  operating  pressure 
6,000  psi  at  +450*P  -  component  proof  pressure 
8,000  psi  at  +450“ F  -  tubing  and  fitting  proof 
pressure 

10,000  psi  at  room  temperature  -  contponent  burst 
pressure 

16,000  psi  at  room  temperatxire  -  tubing  and  fittings 
burst  pressure 
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c.  Flow  Rates-  —  0  to  25  GPM  (in  three  flow  classes) 

Class  A  —  0  to  4  GPM 

Class  B  —  4  to  12  GPM 

Class  C  —  12  to  25  GPM 

d.  System  Temperatures 

Fluid  Operating.  .  .  -65"F  to  +450* F 

Note;  Components  shall  be  capable  of  full  performance 
with  the  fluid  at  any  teraperatvire  throughout 
the  range  of  -20* F  to  +450* F  and  shall  start  to 
operate  at  a  temperature  of  -65*F. 

Ambient . 65*F  to  +650*F 

A 

Note;  Solenoid-operated  components  shall  be  capable 
of  operating  within  the  range  of  ambient 
temperatures  of  -65* F  to  +650*F. 

e.  Seals  —  All  seals  shall  be  metelllc. 

f.  Materials  —  Corrosion-resistant  materials  shall  be 

specified. 

F.  Development  Discussion 

The  program  was  divided  Into  several  concurrent  phases.  A  suiiunary 
discussion  of  each  of  these  phases  follows. 

1,  Module  Development 

The  development  of  the  various  types  of  modular  cartridge 
coinponents  consisted  of  three  major  steps; 

a.  Determination  of  unit  envelopes  and  preparation  of  a 
detailed  procurement  specification. 

b.  Receipt  and  evaluation  of  competitive  proposals  and 
selection  of  vendors. 

c.  Development  and  q,ualificatlon  by  selected  vendors. 

In  the  determination  of  the  env.  lopes,  several  ground  rules 
were  established  on  the  basis  of  program  criteria  and  principles  of 
hydraulic  design.  These  were; 

a.  Module  laiits  shall  be  self-contained  units  such  that  a 
module  may  be  removed  from  one  housing  and  Inserted  into  another 
without  any  detail  disassembly,  readjustment  of  settings  or  impair¬ 
ment  of  function. 

b.  The  unit  shall  be  desig-ned  to  eliminate  any  possibility 
of  the  module  being  installed  bacliwards. 
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c.  Component  size  -  Size  of  the  miniature  modxile  components 
vlll  not  be  based  on  tube  sizes  but  will  be  divided  generally  into 
three  classes  according  to  flow  requirements. 

(1)  0  to  4  GPM 

(2)  4  to  12  GPM 

(3)  12  to  25  GPM 

d.  No  unit  of  a  particular  size  or  type  shall  be  inter¬ 

changeable  with  any  other  type  or  size  vinit. 

e.  Units  shall  be  designed  for  use  normally  with  a  face-type 
static  metellic  seal.  (There  is  an  exception  to  this  rule.) 

Based  on  the  above  rules,  and  on  information  willingly  supplied 
by  the  vendor  industry  (individual  recommendations  on  the  size  and 
design  of  the  various  components),  the  envelopes  for  each  type  and 
size  module  were  established. 

Although  it  had  originally  been  planned  to  have  three  distinct 
flow  sizes  for  the  majority  of  the  components,  it  has  always  been 
apparent  that  if  the  smallest  feasible  envelope  cam  be  designed  to 
operate  satisfactorily  over  the  entire  0  to  25  GPM  range,  the  result¬ 
ing  fabrication  cost  savings  and  simplified  logistic  problems  of 
having  only  one  component  size  would  be  definitely  desirable.  As 
a  result  of  new  and  better  design  approaches  in  competitive  bidding 
by  the  vendors  participating  in  the  modvdar  program,  it  has  been 
possible  to  utilize  certain  unit  envelopes  whose  eidvantage  of  carry¬ 
ing  more  than  one  flow  range  offsets  the  small  dimensional  reduction 
necessary  for  separate  flow  sizes. 

The  following  is  a  list  of  components  which  were  designed, 
fabricated  and  tested;  the  number  of  flow  sizes  developed;  the  number 
of  parts  procured,  and  the  number  of  vendor  contracts  required  for 
each  component. 


Flow  Total  Units  Req'd  Number  Vendor 
Component  Sizes  Each  Component  Contracts  Heq'd 


Check  Valve 

3 

(9) 

3 

1-way  Restrictor 

1 

(3) 

1 

2-way  Restrictor 

1 

(3) 

1 

Shuttle  Valve 

(9) 

3 

Thermal  Relief 

3 

(9) 

3 

Pressure  Switch 

i 

(3) 

1 

Priority  Valve 

3 

(9) 

3 

Relief  Valve 

2 

(o) 

2 

2-way  Solenoid  Selector 

1 

(6) 

2 

3-way  Solenoid  Selector 

2 

(9) 

3 

4 -way  Solenoid  Selector 

3 

(9) 

3 

Solenoid  Sequence  Valve 

2 

(9) 

2 

Filters 

3 

(9) 

3 

Total  23  Total  om  Total  30 

Giues  Units  Vendor  Con¬ 


tracts 


Specifications  patterned  in  MIL  specificatiott  form  have  been 
prepared  for  each  of  the  above  components  and  are  based  on  an  assimi¬ 
lation  of  data  from  all  sources  as  to  the  latest  requirements  for  a 
h,000  psi,  450*F  component  and  inclvide  a  coniplete  vibration  test  under 
functioning  conditions,  induced  fluid  contamination,  and  endureince 
cycling  over  a  time-temperature  spectrum. 

The  idea  of  a  cartridge  component  is  by  no  means  unique 
but  what  this  pzogram  has  provided  is  sufficient  time  and  effort  to 
be  applied  to  the  thinking  out  of  the  general  approach  and  considera¬ 
tion  of  all  design  factors  for  standardizing  cartridge  components. 

The  incflusion  of  the  hydraulic  industry  in  this  venture  has 
enabled  the  program  to  produce  actual,  useable,  fully  qualified 
Type  III  system  components,  but  has  edso  produced  a  less  tangible 
although  Just  as  beneficial  result;  and  that  is  the  implanting  of 
the  principles  of  modular  design  in  a  good  portion  of  the  industry 
along  with  the  capability  of  producing  modular  components  for  all 
type  system  requirements. 

The  complete  report  of  module  component  development  is  given 
in  Part  II  of  the  final  report  of  the  mod\iLar  hydraulics  program. 


2.  Package  Development 

This  phase  of  the  program  was  concerned  with  developing  reli¬ 
able  methods  for  packaging  modular  valves  in  single  manifolds  for  use 
in  a  4,000  psi,  450*P  hydraiilic  system.  A  primary  product  of  this 
phase  was  a  specification  in  MIL  specification  form  giving  recommended 
practices  for  packaging  hydraulic  sub- systems  and  designing  the  neces¬ 
sary  manifolds.  The  contents  of  the  specification  were  based  on 
design  and  testing  of  actual  hardware. 

The  general  approach  taken  in  solving  the  packaging  problems 
was  as  follows: 

a.  Airplane  and  missile  hydraulic  sub-systems  were  studied 
for  package  feasibility.  In  order  to  get  a  "feel"  for  packaging 

and  the  advantages  that  result,  several  typical  hydraulic  sub-systems 
were  packaged. 

b.  For  the  purpose  of  testing  modular  components  and  mani¬ 
folds  under  environmental  conditions,  hydraulic  sub-systems  were 
designed  to  utilize  each  type  of  modular  component  with  as  many  as 

5  units  being  packaged  in  a  single  manifold.  Because  of  the  limited 
number  of  components  which  were  available,  only  4  packages  were 
designed. 
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c.  Tecluiiques  of  servicing  packages  were  studied.  Is  it 
best  to  remove  individual  valves  or  the  entire  package  for  servicing? 
How  do  you  remove  modular  valves  without  losing  system  oil?  How  do 
you  remove  packages  without  losing  system  oil?  These  and  other  prob¬ 
lems  were  studied  and  recommendations  made. 


d.  Methods  that  malce  manifold  design  easier  and  lighter,  and 
less  expensive,  were  studied  ai?d  recommendations  made.  This  included 
items  such  as  the  use  of  permanent ^lugs,  castings,  and  forgings. 

e.  Although  modular  valves  were  (jualified  by  the  vendors, 
testing  was  also  performed  on  the  packages  as  a  unit. 

The  four  hydratolic  test  packages  were  designed  and  fabricated 
specifically  in ‘order  to: 

a.  Gain  experience  and  insight  into  the  design  req,uirements 
and  fabrication  problems  inhei’ent  in  packaging  several  modular  com¬ 
ponents  together  in  one  common  housing.  Designs  were  made  for  an 
optimum  "weight  and  space"  requirement  in  order  to  demonstrate  the 
compactness  resulting  from  the  modular  concept  and  to  determine  the 
materials  and  material  shaping  processes  that  were  required  to 
achieve  this  result. 

b.  Gain  experience  in  the  characteristics  of  a  450“F,  4,000 
psi  system  when  these  packages  were  individually  and  concurrently 
tested  in  a  high  and  low  temperature  test  system. 

Packages  fabricated  were  as  follows: 

a.  Titanium  Manifold  -  Housing  for  3-way  selector  valve,  2-way  ! 
restrictor,  and  a  check  valve. 

b.  Actuator  with  Modular  End  Cap  -  End  cap  houses  a  pressure 
relief  valve,  a  shuttle  valve,  and  a  1-way  restrictor. 

c.  Stainless  Steel  Manifold  -  Housing  for  a  priority  valve, 
thermal  relief  valve,  pressure-operated  shut-off,  solenoid-operated 
sequence  and  a  cartridge  4-way-3-position  selector  valve. 

d.  Stainless  Steel  Manifold  -  This  package  is  in  two  parts; 
one  section  is  intended  to  be  moimted  permanently  to  the  structure 
and  contains  the  plumbing  connections;  the  other  section  contains  the 
valves,  is  removable  and  mounts  to  the  stationary  section.  Both 

parts  contain  internal  shut-off  features.  The  reinovable  section 
houses  two  filters,  a  solenoid-operated  shut-off  valve,  pressure 
relief  valve,  and  a  pressure  switch. 

The  packages  resemble  castings  or  forgings  in  order  to  obtain 
more  realistic  design  and  test  results  and  to  present  a  truer  like¬ 
ness  of  product ion- type  packages  than  could  be  gained  by  "block  type" 
machined  manifolds. 
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The  use  of  a  hydraulic  package  is  certainly  not  new.  There 
have  been  many  package  designs  in  aircraft  and  missiles.  Also,  the 
commercial  hydraulic  industry  has  used  this  technique  to  advantage 
for  some  time.  This  program  did  not  attempt  to  standardize  package 
designs  but  does  provide  established  components  and  a  workable  philos¬ 
ophy  for  use  in  packaged  designs.  However,  when  any  new  system  is 
approached  with  the  idea  of  using  the  package  technlqxw  exclusively, 
there  will  he  limitations  that  must  be  considered. 

a.  More  design  time  and  effort  will  be  required  from  concept 
to  production.  This  factor  will  be  doubly  limiting  if  pre-established 
cartridge  corrtponents  are  not  available. 

b.  Produces  a  rather  inflexible  design  which  cannot  be 
changed  readily.  The  gamble  of  waiting  until  the  actual  system  is 
oi)eratlng  to  solve  minor  problems  and  prove  system*  integrity  will  not 
be  tempting.  System  tests  will  have  to  be  simulated  and  proved  long 
before  fabrication, 

c.  Initial  cost  will  be  high.  This  incltides  the  lead  time 
required  and  is  only  true  because  the  savings  that  a  highly  reliable 
and  easily  serviced  system  affords  is  difficult  to  estimate. 

The  conpiete  report  of  package  design  and  development  is 
given  in  Section  III  of  this  volume  (Part  I). 


3*  Metallic  Seal  Program 

All  of  the  modular  components  with  one  exception  will  uti¬ 
lize  a  face  type  static  seal  that  will  fit  between  a  step  in  the 
manifold  cavity  and  a  step  in  the  module;  for  example: 


SEAL 


This  type  of  seal  is  based  on  the  principle  of  controlled 
cotnpression  and  the  use  of  the  step  design  allots  the  coo^ression 
force  to  be  exerted  by  the  threads  of  the  module  and  the  manifold 
on  installation  of  the  unit.  This  sin^lifies  assembly  and  allows 
a  one- step  installation  and  removal  procedvire. 

The  use  of  the  step  design  in  no  way  compromises  the  design 
of  the  majority  of  the  \mits^  because  when  the  con^nent  designs 
are  tailored  for  a  cartridge  application  their  functional  shape  is 
triangular  in  form. 


The-  exception  to  this  pattern  is  the  4-way  selector  veilve. 
Vfhen  converted  for  a  cartridge  application,  this  pnit,  due  to  the 
rather  elongated  sleeve  and  slider  for  opening  and  closing  several 
passages,  is  basically  rectangular  in  form.  To  adapt  a  step  seeJ. 
design  to  this  valve  would  be  compromising  the  design  and  would 
result  in  considerably  moi'e  mass  than  required  due  to  the  stair¬ 
step  shape.  Therefore,  a  metallic  seal  that  permits  sealing  be¬ 
tween  the  rod -shaped  O.D.  of  the  valve  and  the  bore  of  the  cavity 
is  required. 

Subsequently,  there  were  two  configurations  of  metallic 
static  seals  developed  and  qualified: 

a.  Static  Wedge  Seal  -  This  is  a  two-part,  solid-ring 
metallic  seal  that  is  mechanically  stressed  for  static,  two-way 
sealing  of  a  bore  and  insert  application: 

FORCE 


FORCE 

This  seal  is  used  in  the  modular  cartridge  4-way  sole¬ 
noid  selector  valve  and  requires  o  pairs  of  wedge  seals. 
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b.  Hl-Ceal  (C~seal)  -  This  is  a  one-piece,  formed,  stainless 
steel  ring  with  a  C- shaped,  0.093  inch  cross-section.  Configurations 
utilized  for  the  modular  program  were  : 


Two-way  sealing  is  accomplished  by  combining  the  two  configurations. 

Primarily,  the  decision  to  use  metallic  static  seals  in  this 
program  and  Type  III  systems  was  based  on  the  temperature  requirements; 
however,  there  are  some  additional  advantages  of  the  static  metallic 
seals  being  developed. 

a.  The  face-type  seal  is  fabricated  by  a  forming  process 
and  would  be  relatively  inexpensive  in  production 
quantities. 

b.  A  metallic  seal  can  be .used  with  a  variety  of  fluids 
without  the  danger of  material  decomposition. 

c.  The  seal,  being  metallic,  is  less  subject  to  damage  in 
handling  and  installation. 

d.  Tests  performed  have  indicated  that  the  probability  of 
ever  having  a  catastrophic  failure  is  remote. 

The  complete  report  of  metallic  seal  development  is  given  in 
Section  II  of  this  volume  (Part  l)  of  the  modular  program  final  report. 


4.  Integrated  System  Design 

This  phase  of  the  program  was  concerned  with  the  means  of 
transmission  of  fluid  power  from  the  source  to  the  modular  packages 
and  to  the  actuation  devices,  and  has  as  its  end  objective  the  crea¬ 
tion  of  fluid  passages  so  reliable  that  no  maintenance  is  needed  for 
the  life  of  the  vehicle.  The  work  area  encompassed  all  sizes  and 
types  of  structural  members  including  items  such  as  structural  bolts, 
rotating  Joints,  and  linkages. 


The  work  ia  this  phase  was  basically  divided  into  two  sec- 
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tlons : 


Engineering  Studies  -  This  area  was  devoted  to  a  con¬ 
tinuing  study  and  research  into  the  possible  methods  of  carrying 
fluid  in  structural  members,  pjrocesses  and  development  which  will 
be  required  for  the  various  members,  processes  and  development  which 
will  be  required  for  the  various  methods,  and  design layouts  of  the 
more  promising  methods  for  realistic  applications. 

Hardware  Development  -  This  area  was  concerned  with 
designing,  fabricating  and  testing  various  configurations  of  fluid- 
carrying  structure.  Specific  items  which  were  tested  for  feasibility 
Included  rotary  joints,  tube  joints,  connectors  for  joining  fluid- 
carrying  members,  package  mounting  pads,  and  a  fluid-carrying  ball- 
joint  for  actuator  use. 

The  integrated  system  concept  is  much  broader  in  scope 
than  just  the  creation  of  a  few  random  pieces  of  fluid-carrying 
structure  or  the  selected  use  of  a  few  modular  peujkages.  In  order 
to  realize  fully  the  advantages  such  an  approach  offers,  it  will  be 
necessary  to  consider  fluid  power  transmission  lines  and  component 
packages  during  the  preliminary  design  phase  and  integrate  design  of 
these  items  with  the  structure  so  that  both  structure  and  systems  are 
complete  together. 

The  complete, report  of  studies  and  hardware  development 
for  the  integrated  system  design  concept  is  given  in  Part  III  of  the 
final  report  of  the  modular  program. 

G.  General  Discussion 


1.  Development  Summation 


If  the  problems  encountered  in  the  various  development  areas 
of  the  program  were  categorized,  it  would  be  apparent  that  the  major¬ 
ity  of  the  difficulties  experienced  in  this  initial  research  into 
modular  hydraulic  systems  were  due  to  the  temperature  and  pressure 
requirements  of  the  program,  and  would  have  existed  regardless  of 
the  philosophy  of  design.  The  basic  advantages  of  the  modular  approach, 
particularly  in  reliability  improvement,  have  remained  valid  through¬ 
out  the  program.  However,  the  materials,  processes,  and  techniques 
required  to  produce  a  4,000  psi,  450® F  system  need  continued  develop¬ 
ment. 


This  program  is  by  no  means  the  complete  solution  to  the 
approaches  offered  here.  The  program  was  intended  to  be  the  first 
step  in  modular  or  integi-ated^ system  design  concepts  and  to  show 
that  there  are  ways  of  improving  system  design  and  reliability  by 
considering  all  factors  of  the  system;  function,  components,  installa¬ 
tion,  and  connection.  M  improved  design  plan  and  proofs  of  feasi¬ 
bility  are  what  this  program  offers.  The  final  solutions,  proofs  and 
benefits  will  be  in  actual  application  use. 


24  Direction  and  Coordination 


The  development  effort  of  the  modular  program  was  directed 
by  the  Applied  Research  and  Development  Section  of  the  Aeronautics 
Division.  The  program  was  conducted  as  a  major  project  and  utilized 
the  capabilities  of  all  major  engineering  sections  of  the  division. 

The  program  was  coordinated  with  the  fluid  power  industry  by 
regular  presentations  to  the  SAE  Committee  A-6  for  Aerospace  Iferdraulic 
and  Pneumatic  Components  and  Systems.  Detail  progress  reports  were 
made  on  a  quarterly  basis  to  the  Airborne  Equipment  Division  of  the 
Bureau  of  Naval  Weapons,  Aeronautical  Systems  Division,  Wright  Field, 
and  to  the  High  Temperature  Panel  of  Committee  A-6  wi  ■  h  acted  as  an 
advisory  board  for  the  program.  The  eight  quarterly  progress  reports 
issued  were  numbered  as  follows: 

Quarterly 

Report  Vought  Aeronautics  Number 


1st 

E9R-120D2 

2nd 

E9R-12075 

3rd 

AER-E9R- 12449 

4th 

AER-E9R-12467 

5th 

AER-BOR-12636 

6th 

AER-EOR-12909 

7th 

AER-EOR-13104 

8th 

AER-EOR-13270 

II.  METTALLIC  SEAL  DEVELOPMENT 


A.  INTRODUCTION 


At  the  time  the  modular  hydraulics  proposal  was  submitted  to 
BuAer,  an  upper  temperature  limit  of  400“F  was  planned.  On  January  19 
and  20,  1959,  a  conference  was  held  at  Chance  Vought  for  the  purpose  of 
coordinating  the  development  work  being  done  under  the  modular  hydrau¬ 
lic  program  with  the  weapons  systems  being  designed  by  Air  Force  and 
Navy  contractors.  One  result  of  this  conference  was  the  decision  to 
establish  an  upper  temperature . limit  of  450*F  for  the  modular  hydraulic 
program  in  order  to  make  it  conpatible  with  weapons  systems  under  devel¬ 
opment. 


With  the  upgrading  of  the  maximum  temperature  to  450*F,  it  was 
felt  that  elastomeric  seeas  presently  available  were  marginal  and  that 
only  metallic  seals  should  be  used.  A  brief,  preliminary  industry  sur¬ 
vey  indicated  that  the  state-of-the-art''  in  metallic  seal  development  was 
not  sufficiently  advanced  to  provide  the  one  best  static  seal  for  all 
modular  applications.  Several  designs  of  metallic  seals  for  boss  and 
face  seel  type  of  applications  existed.  However,  the  capabilities  of 
these  designs  had  not  been  established.  Moreover,  certain  design  fea¬ 
tures  of  existing  seals,  such  as  close  tolerances,  fine  surface  finishes 
and  high  seal  installation  forces  (torque),  appeared  undesirable. 

Because  of  the  importance  of  the  seal  to  the  success  of  the 
modular  hydraulics  program,  a  metallic  seal  development  program  of  con¬ 
siderable  magnitude  was  undertaken.  The  detail  objectives  of  the  pro¬ 
gram  were  to: 

1.  Establish  a  specific  metedlic  seal  design  or  designs 

1  that  would  be  adequate  for  the  successfvil  conpletlon 

of  the  modulaur  hydraulics  program. 

2.  Queillfy  the  metallic  seal  for  service  usage. 

3*  Develop  a  vendor  source  of  metallic  seeil  supply. 

To  carry  out  these  objectives,  it  was  felt  that  promising  seal  designs 
must  be  procured,  tested  and  evaluated  by  Chance  Voxight.  The  most 
promising  designs  would  be  selected  for  development  tests  by  the  seal 
manufacturer.  Chance  Vought  would  work  with  the  vendor  during  develop¬ 
ment  to  expedite  the  program  and  to  investigate  all  reqidreraents  and 
problem  areas.  Once  all  the  "bugs"  are  worked  out,  the  vendor  shall  be 
required  to  qualify  the  metallic  seal  to  the  modvilar  program  require¬ 
ments  to  establish  reli^ility  for  service  usage. 
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B.  METALLIC  SEAL  DEVELOPMENT 

1.  Desirable  Omalltles  of  the  Metallic  Seals 


Before  starting  detail  evaluation  of  metallic  seals,  a 
listing  of  problem  areas  and  seal  requirements  that  affect  seal  devel¬ 
opment  was  prepared.  Later  in  the  seal  development  program  it  will  be 
noted  that  severed  compromises  of  ideal  requirements  had  to  be  made, 
which  resulted  in  a  suitable  rather  than  an  ideal  metallic  seal  eventu¬ 
ally  being  qualified.  The  optimum  seal  requirements  are  as  follows; 

Proper  Size  -  Since  one  objective  of  the  modxilar  program 
is  to  miniaturize  hydraulic  components,  it  Is  necessary  that  the  seal 
be  small.  The  establishment  of  a  cavity  in  which  the  metallic  seal 
must  operate  will  be  a  compromise  between  what  the  seels  require  eind 
what  the  hydraulic'  components  require. 

Sealing  Ability  -  The  seal  must  seal  hydraulic  fluid  from 
-65“F  to  +1+50 *F  tiiroughout  a  pressure  range  of  zero  to  6,000  psi.  This 
if,  of  course,  the  prime  purpose  of  the  seal,  and  if  it  cannot  perform 
this  function  all  other  seal  requirements  become  unimportant. 

Compressive  Force  -  Force  to  compress  the  seal  during 
instskllation  must  not  be  excessive.  Excessive  forces  result  in  exces¬ 
sive  modular  conponent  installation  torques,  which  in  turn  can  resxilt 
in  thread  failures.  It  will  later  be  seen  that  this  requirement  caused 
considerable  Investigation  in  an  effort  to  reduce  conpresslve  force 
while  maintaining  sealing  capabilities.  Items  affecting  compressive 
force  are  configuration,  seal  material,  tensile  strength  (hardness)  and 
the  seal  wall  thickness. 

Seal  Removal  -  The  seal  must  be  easy  to  install  and 
remove  from  its  cavity.  This  can  be  controlled  by  design  considerations 
of  both  the  cavity  and  the  seal. 

Reverse  Pressure  Sealing  -  The  design  of  modular  conponents 
requires  that  the  one-way  sfeals  withstand  up  to  1,000  psi  in  the  reverse 
direction. 


Squeeze  -  Preliminary  studies  of  seal  cavity  machining 
tolerances  Indicate  that  the  initial  squeeze  which  a  seal  may  be  sub¬ 
jected  to  in  any  one  cavity  may  vary  .008  inch.  An  additional  squeeze 
variation  will  be  the  result  of  seal  tolerances.  This  requirement  is 
very  stringent  on  the  structural  properties  of  the  seal.  It  also 
increases  the  maximum  squeeze  force  of  some  installations  by  requiring 
greater  seal  deflections. 

Diametral  Back-up  -  This  back-up  should  not  be  too  close 
since  the  seal  may  expand  slightly  and  bind  in  the  cavity.  Yet  close 
back-up  will  likely  be  required  to  provide  adequate  seal  life  under 
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in5>ulse  testing.  Machining  tolerances  can  be  held  to  ,001  to  .003  inch 
on  the  back-up  dimension  in  the  cavity.  This  small  amount  of  variation 
from  one  cavity  to  the  next  is  not  likely  to  cause  problems. 

Re-Useability  -  Re-useability  will  depend  on  the  amount 
of  springback  the  seal  exhibits  after  compression  and  on  the  variation  • 
of  squeezes  resulting  from  machining  tolerances.  The  implication  is 
that  the  seal  would  have  to  spring  back  100^  for  unrestricted  re- 
useability.  If  this  is  not  feasible,  there  should  be  enough  springback 
to  tolerate  a  reduction  in  squeeze  of  about  .001  inch  caused  by  spread¬ 
ing  the  cavity  sealing  under  high  pressures  in  face  seal  applications. 

Cost  -  The  method  of  manufacturing  the  metallic  seeJ. 
should  suggest  that  the  cost  of  the  seals  wo\U.d  not  be  prohibitive  under 
mass  usage. 


\fear  -  Neither  the  seal  nor  the  cavity  sealing  surfaces 
should  exhibit  excessive  wear  under  impulse  testing.  It  will  later  be 
noted  that  wear  does  occur  and  has  not  been  entirely  eliminated.  This* 
presents  a  problem  both  from  a  seeding  and  a  contamination  standpoint. 

Installation  -  The  seal  and  seal  seat  must  withstand 
the  "scrubbing"  and  "twisting"  action  that  takes  place  when  the  modular 
component  is  torqued  down  on  the  seed. 

Endurance  -  When  installed  under  adverse  conditions,  the 
seal  shall  be  capable  of  withstanding  200,000  pressure  in^pidse  cycles 
of  0-6,000  psi  at  a  ten5>erature  of  450*F. 

2.  Procurement  of  Metallic  Seals  for  Preliminary  Testing 

Early  studies  concerning  peickaging  of  hydraulic  compon¬ 
ents  indicated  the  shape  of  the  components  and  correspondingly  the  type 
of  seals  required.  The  type  of  seals  required  for  packaging  and  com¬ 
ponent  seeding  were  determined  to  be  boss,  face  and  radial.  It  was 
found  that  many  metallic  face  seals  were  already  on  the  market  and  that 
some  work  had  been  done  with  metallic  radial  seals. 

Interest  was  stimulated  in  the  development  of  metallic 
seals  for  the  modular  hydraulics  program  by  releasing  a  general  pro¬ 
curement  specification,  CVC-M. H.2,  to  approximately  30  seal  manufactur¬ 
ing  companies  throxighout  the  Ikiited  States.  (This  specification  is 
included  in  the  appendix. )  The  specification  was  a  result  of  early 
studies  and  outlined  tentative  information  on  design,  manufacturing, 
application  and  testing  considerations  relative  to  the  types  of  seals 
required.  Applications  of  the  boss,  radial  and  wedge  are  shown,  but  no 
dimensions  are  given.  The  endurance  test  which  requires  the  seal  to 
withstand  200,000  pressure  impulse  cycles  remained  as  described  through¬ 
out  the  prograin.  The  impulse  requirement  was  taken  from  hydraulic 


fitting  requirements,  with  the  idea  being  that  the  seals  should  be  at 
least  as  rugged  as  the  fittings.  Although  the  requirements  were  rather 
stringent,  the  response  to  specification  CVC-M.H.2  was  excellent.  Of 
thirty  manufacturers  contacted,  twenty  responded.  (See  /^pendix  II -2) 

Tvfelve  different  types  of  seals  appeared  applicable  to  the  modular  hydrau¬ 
lic  program  and  were  proc\ired  for  evaluation. 

3.  Preliminary  Test  Preparations 

The  twelve  types  of  metallic  seals  procured  for  evalxiation 
required  that  test  cavl\xs*s  for  each  type  seal  be  designed  and  fabricated 
by  Chance  Vought.  The  test  manifolds  shown  on  drawings  TL3618  and 
TL3628  are  included  in  Appendix  II -3.  Other  test  manifolds  were  manufactured 
for  testing  the  metallic  boss  seals.  This  fixture  is  also  Included  in 
Appendix  II  -3 . 


A  test  set-up  was  designed  and  assembled  at  the  high  tem¬ 
perature  facilities  to  give  the  pressure  impulse  and  temperature  require¬ 
ments  specified  in  CVC  M.H.2.  A  schematic  of  this  set-iip  and  how  it  works 
is  given  in  Appendix  II -3.  Also  shown  is  the  glass  standpipe  arrangement 
used  to  measure  small  amounts  of  leakage  at  high  temperatures.  By  trap¬ 
ping  the  leakage  in  these  stsmdpipes,  no  vaporization  of  the  fluid  takes 
pleice.  The  glass  standpipes  also  afford  ready  visual  measurement  of  the 
leakage  taking  place  during  testing. 

A  "General  Test  Procedure  for  Metallic  Seals"  was  prepared 
using  specification  CVC  M.H.2  as  a  reference.  This  procedure  is  Included 
as  Appendix  II -5  and  should  be  referred  to  for  the  complete  procedure 
used  to  test  both  boss  and  face  seals. 

4.  Preliminary  Testing  of  Seal  Designs 


A  summary  of  the  test  results  for  each  type  of  metallic 
seal  tested  is  given  below.  For  detail  results  refer  to  Appendix  II -4  . 

It  will  be  noted  that  final  selection  was  not  "cut  and  dried"  because 
several  of  the  seals  performed  very  well.  All  seals  were  tested  per  the 
genereG.  test  requirements  in  specification  CVC  M.H.2  (see  Appendix  II -1  ). 
Each  seal  was  evaluated  using  the  test  requirements  described  earlier  as  a 
guide  (i.e.,  proper  size,  sealing  ability,  compressive  force,  reverse 
sealing,  etc.).  The  seals  tested  are  listed  in  alphabetical  order  for  con¬ 
venience.  It  must  be  stressed  that  these  various  seals  were  being  tested 
to  very  particular  requirements  and  failure  to  meet  these  requiretnents  does 
not  mean  that  these  seals  would  not  perform  satisfactorily  in  other  appli- 
c at ions. 


Advance  Seal  -  The  Advance  Seal  is  essentially  a  hollow 
metal  O-ring.  Five  sizes  ranging  fi'om  0.375  to  1.750  inches  in  diaxneter 
were  tested.  Of  the  sixteen  tested,  eight  were  teflon-coated  and  eight 
were  silver-plated.  The  teflon-coated  seals  did  not  perform  satisfactorily. 
The  silver-plated  seals  performed  well  during  static  leakage  tests,  pressure 
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impulse  tests,  and  reverse  pressure  sealing.  These  preliminary  tests 
indicated  that  it  may  he  adaptable  to  the  modular  program. 


ADVANCE  SEAL  CROSS-- SECTION 

Aero  Gasket  Seal  -  The  Aero  Gasket  Seal  consists  of  a 
thin  metal  case  enclosing  an  asbestos  fiber  center.  The  seals  performed 

— Asbestos  Center 
-Metal  Case 


AERO  GASKET  SEAL  CROSS-SECTION 


well  under  static  pressures,  but  leaked  dwing  the  pressure  impxiLse  tests. 
Spring-back  tests  showed  this  seal  to  have  very  little  resiliency.  It  was 
eliminated  from  further  consideration. 


Cadillac  Gage  Seal  -  This  sesj.  is  m6u:hlned  from  stainless 
steel.  Three  of  the  four  seals  tested  performed  satisfactorily.  The 


j—  Squeeze  (Typ) 

CADILLAC  GAGE  SEAL  CROSS-SECTION 

seals  withstand  reverse  pressure  very  well.  However,  because  it  was  deter¬ 
mined  that  the  modular  seal  cavity  machining  tolerances  will  cause  squeeze 
to  vary  as  much  as  0.010  inch,  this  seal  was  eliminated  from  further  con¬ 
sideration.  It  was  felt  that  the  seal  could  not  tolerate  squeezes  that 
varied  between  O.OO6  to  0.016  inch. 


Double  Seal  -  This  seal  is  a  metallic  seal  proposed  for 
radial  application.  The  seal  consists  of  two  parts,  an  inner  steel  expander 
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and  an  outer  steel  ring,  both  having  rectangular  cross-section.  The  seal 
leakage  was  excessive  for  a  static  seal. 

Chance  Vought  X-Seal  -  The  X-Seal  is  composed  of  two 
formed  pieces  brazed  together  to  form  a  ring  having  an  X  shaped  cross- 
section.  The  reason  for  this  design  was  to  establish  a  relatively  low 

I 

Braze 


X-SEAL  CROSS-SECTION 

cost,  effective  seal  that  could  be  used  for  both  two-way  and  one-way  appli¬ 
cations.  Problems  occurred  in  fabricating  the  seal,  and  its  sealing  capa¬ 
bilities  were  not  particularly  outstanding.  Tests  showed  that  compressive 
forces  were  too  high  for  program  use. 

Harrison  Boss  Seal  -  This  seal  was  designed  to  seal  in  an 
AND  10050  port.  Because  a  boss  seal  is  a  very  necessary  part  of  this  pro¬ 
gram,  considerable  work  was  done  with  the  Harrison  Boss  Seals  to  determine 


HARRISON  BOSS  SEAL  CROSS-SECTION 


their  effectiveness  and  to  gain  experience  in  using  this  type  of  seal. 
Detail  evaluation  is  included  in  Appendix  II -4  .  In  general,  it  was  dis¬ 
covered  that:  (a)  high  torque  requirements  cause  rotation  of  the  fitting; 
(b)  goldplate  outperformed  teflon;  and  (c)  althovigh  not  as  reliable  as 
desired,  it  could  be  used. 

Harrison  Face  Seal  -  Two  different  configurations  of  the 
face  seal  were  tested.  Of  the  sixteen  tested,  eight  were  teflon-coated 


ISI30  Face  Seal  ChOSJ-GSCTION  1-110  Face  Seal 

and  eight  were  gold-plated.  The  teflon  coat  peeled  away  and  was  con¬ 
sidered  of  no  practical  value  when  subjected  to  the  450*F  environment. 
The  gold  plate  held  up  better  than  the  teflon,  but  gold-plated  seals  as 
well  as  teflon-coated  seals  leaked.  Their  over-all  leakage  performance 
eliminated  them  from  further  consideration. 
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Hl-Ceal  Face  Seal  -  Preliminary  testing  on  the  Hl-Ceal  vas  I 

very  encoiiraging.  Two  out  of  the  first  three  tested  passed  the  50^000  | 

test  with  no  failure.  Reverse  pressure  sealing  was  good.  Five  other  seals 


KE-CEAL  CROSS- SECTION 

were  subjected  to  static  pressures  up  to  6,000  psi.  There  was  zero  leal;- 
age.  The  force  to  compress  the  Hl-Ceals  during  installation  was  large. 
However,  from  the  design  of  the  seal,  it  appeared  the  force  could  be  reduced 
to  an  acceptable  vedue.  Another  problem  which  was  felt  to  affect  test  re¬ 
sults  was  the  lack  of  uniformity  of  the  finished  seals.  In  generstl,  it  was 
felt  that  this  seal  showed  much  promise  in  meeting  sealing,  cavity,  instedla- 
tlon  torq,ue,  reverse  sealing  and  endurance  requirements  of  the  modular  pro¬ 
gram. 


Navan  Boss  Seal  -  Two  each  of  -6,  -10,  -l6,  -20  and  -28 


NAVAN  BOSS  SEAL  CROSS-SECTION 


without  evidence  of  leakage.  The  -20  and  -28  were  leaking  after  11,800  pic. 
The  torque  to  prevent  leakage  on  these  seals  was  considered  must  too  high 
for  practical  useage. 

Omega  Seal  -  Only  one  of  these  seals  was  tested.  The  seal 
performed  very  well,  but  further  investigation  was  not  pvirsued  because 
additional  test  samples  could. not  be  obtained. 


OMEGA  FACE  SEAL  CROSS-SECTION 


Raco  Seal  -  This  face  seal  has  a  teflon  cover  as  shown 
below.  The  seal  performed  without  leakage  at  room  tenqjeratures.  However, 


pic  -  "pressure  impulse  cycles" 


as  the  seal  was  being  heated  during  pressure  Impulse  cycling,  the  teflon 
extruded  at  380"F.  No  further  tests  were  performed. 

Toruseal  -  Jive  of  the  eight  Toruseals  tested  had  zero 
leakage  during  normal  pressure  impulse  testing.  The  seal  also  performed 


TORUSEAL  CROSS-SECTION 

acceptably  during  reverse  presstire  tests;  however,  the  torque  to  conq)ress 
the  seals  was  considered  too  high  for  the  modular  program  application. 

WADC  Boss  Seal  -  A  torque  of  3,28o  in. /lbs.  was  required 
to  seal  one  -l6  seal  when  it  started  leaking  after  27,820  pic.  The  two 
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NADQ.BOSS  SEAL  CROSS-SECTION 

-20' 8  and  the  other  -l6  required  l,86o  in. /lbs.  to  seal  when  they  began 
leaking  after  ^7,217  pic.  Although  sealing  performance  was  good,  two 
disadvantages  dismissed  father  testing.  One  is  that  torque  is  considered 
high;  the  other  is  that  a  pre-setting  tool  is  required.  These  setils  have 
performed  very  well,  however,  in  the  modular  program  lmp\iLse  and  functional 
test  stands  where  it  was  possible  to  pre-set  and  torque  the  seals  properly. 

5.  Selection  of  Hl-Ceal  for  Development 

While  preliminary  testing  was  being  acccmplished  on  the 
varloxis  metallic  face  seals,  work  was  also  being  done  on  the  problem  of 
defining  the  seal  cavity.  As  the  result  of  coordinating  seal  requirements 
with  modular  component  and  cavity  dimension  requirements,  tentative  seal 
cavity  charts  were  determined.  The  charts  show  cavity  requirements  for 
one-way  and  two-way  seals  and  include  cavity  dimensions  for  3/l6  inch  I.D. 
to  3.00  inch  I.D.  seals.  The  charts  in  their  final  form  are  shown  in 
specification  CVA  2464  in  Appendix  II -5  .  Although  the  charts  were  deter¬ 
mined  early  in  the  program  and  later  coordinated  with  North  American,  very 
few  changes  were  necessary. 

Several  seal  designs  were  eliminated  from  further  con¬ 
sideration  by  the  firm  definition  of  seal  cavity  requirements.  Some  com¬ 
panies  could  not  reduce  their  seal  size  to  meet  modular  component  require¬ 
ments,  and  others  did  not  feel  that  they  could  assume  the  expense  of  a 
re-design.  Of  the  seals  that  were  tested  and  that  met  cavity  requirements, 
the  Hl-Ceal  showed  the  most  promise  of  reeting  ?ill  of  the  r.oal  requirements 


of  specification  CVC  M.H.2.  With  additional  information  learned  from  pre¬ 
liminary  testing,  a  firm  prociirement  specification,  CVC  24614-  (Appendix  II-5), 
was  prepared.  With  Phase  I  of  CVC  2464  spelling  out  the  requirements,  a 
contract  was  awarded  to  High  Pressure  Engineers,  Inc.,  for  a  development  pro¬ 
gram  to  adapt  the  Hi-Ceal  design  to  both  face  seal  and  radial  seal  modular 
applications.  The  radial  seal  effort  was  later  dropped  when  it  was  determined 
that  installation  forces  were  too  high. 

Although  a  feasihllity  contract  was  awarded  to  High  Pressure 
Engineers,  Inc.,  for  continued  development  of  their  seal  for  modular  com¬ 
ponent  sealing.  Chance  Vought  continued  to  investigate  the  possibilities  of 
finding  a  better  metallic  face  seal.  In  addition.  Chance  Vought  undertook 
much  of  the  Hi-Ceal  development  test  work  to  eaqjedlte  the  seal  program  so 
that  seals  would  be  ready  for  use  in  the  modular  hydraulic  components  that 
were  being  developed. 

Test  work  on  metallic  seals  eventually  boiled  down  to  a 
concentrated  effort  by  High  Pressure  Engineers,  Inc.,  and  Chance  Vought  to 
get  the  Hi-Ceal  developed  and  qualified.  It  is  desirable  to  have  more  than 
one  metallic  static  seal  developed  and  qualified  for  modxxlar  hydraulic  use, 
but  funds  to  "sponsor"  more  than  one  program  were  not  available. 

6.  Development  of  the  Hi-Ceal 

Several  of  the  problems  associated  with  developing  thfe 
Hi-Ceal  were  handled  in  a  straightforward  manner.  Other  problems  required 
considerable  testing  before  final  conclusions  were  made.  Problems  such  as 
seal  and  seat  wear,  seal  fatigue  failures,  and  reducing  seal  compressive 
forces  to  an  acceptable  value  were  particiilarly  troublesome.  Satisfewtory 
solutions  were  obtained  for  all  problems,  however  wear  and  excessive  com¬ 
pressive  force  were  two  problems  where  fiurther  improvement  would  be  desir¬ 
able.  The  problems  were  treated  individually  and  eu:e  noted  below. 

Sealing  Ability  -  The  seal  must  be  able  to  seal  under  the 
conditions  set  forth  in  specification  CVC  2464,  During  the  investigation 
of  all  problems,  sealing  ability  was  monitored  and  was  the  basic  require¬ 
ment  for  successful  results. 

Size  -  Because  one  of  the  efforts  of  the  modular  hydraulic 
program  was  to  miniaturize  hydraulic  components,  it  was  necessary  that  the 
seal  be  small  to  be  compatible  with  the  miniaturization  effort.  As  informa¬ 
tion  on  con5)onent  design  became  available^  the  shape  and  size  of  the  com¬ 
ponents  were  optimized.  From  preliminary  tests  performed  on  metallic  seals, 
it  was  learned  what  seal  cavity  size  would  be  acceptable  to  sevei’al  differ* 
ent  seal  designs.  The  above  information  was  used  to  establish  a  standard 
cavity  size  in  which  a  metallic  seal  xised  with  modular  components  would 
have  to  operate.  The  seal  cavities  established  are  shown  in  specification 
CVC  2464  in  the  appendix.  It  was  expedient  that  size  be  established  early 
in  the  program  so  that  design  and  development  of  the  modular  components 
would  not  be  hindered.  This  was  accomplished  satisfactorily.  The  prelimi¬ 
nary  tests,  early  establishment  of  cavity  size,  and  experience  that  High 


Pressure  Engineers,  Inc.,  had  with  the  Hi-Cesl,  helped  to  establish  the  O.OI5 
wall  thickness,  0.093  thickness,  304  material  Hi-Ceal  for  interim  use  in 
component  development. 


North  American  Aviation  became  interested  in  the  Hi-Ceal 
early  in  the  program  and  expressed  a  desire  to  coordinate  development  of 
this  seal  with  Chance  Vought.  The  seal  was  being  developed  in  sizes  xrp  to 
3  inches  tinder  the  Chance  Vought  program.  North  American  planned  to  con¬ 
tinue  development  up  to  8  inches.  The  seal  cavities  in  CVC  2464  were  coor¬ 
dinated  with  North  American  and  finalized  with  very  little  change. 


This  work  resulted  in  reducing  the  cross-section  thickness 
of  the  Hi-Ceals  from  O.125  inch  to  0.093  inch.  Later  in  the  program  it  was 
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shown  by  calculations  that  reducing  the  thickness  was  one  of  the  factors 
which  limited  further  reduction  of  seal. compression  force.  These  calcula¬ 
tions  are  shown  in  High  Pressure  Engineers,  Inc.,  final  Qualification 
Reporw. 


Reverse  Pressure  Sealing  -  Under  terms  of  the  development 
contract.  High  Pressure  Engineers  was  to  develop  the  Hi-Ceal  for  both  one¬ 
way  and  two-way  modular  component  applications.  In  modular  oonponent  appli¬ 
cations  where  a  one-way  seal  is  required,  the  seal  must  also  resist  some 
back  pressure,  or  reverse  pressure.  Early  tests  on  1.00  x  .093>  304 
material,  O.OI5  wall  thickness  withstood  5,950  psi  reverse 
pressure  before  the  seal  collapsed.  Another  Hi-Ceal  withstood  45,000 
reverse  pic  at  450®F,  but  leaked  during  latter  stages  of  the  test. 

The  conclusions  that  were  reached  from  the  relatively  few 
reverse  pressure  tests  were  that  the  one-way  Hi-Ceal  is  good  for  reverse 
sealing  only  up  to  the  required  1,000  psi.  It  did  not  perform  well  enough 
to  replace  the  two-way  Hi-Ceel. 

Seal  Removal  -  Tests  were  run  varying  the  back-up  groove 
diameter,  squeeze  and  seal  wall  thickness  to  determine  the  radial  clear¬ 
ance  required  for  easy  removal  of  the  seal  after  maximum  squeeze  and  6,000 
psi  proof  pressure.  The  initial  tests  indicated  that  a  radial  clearance, 
prior  to  installation  and  pressure,  of  approximately  O.OO7  inch  is  required 
for  the  Hi-Ceal  to  drop  fi’eely  out  of  the  test  manifold.  Based  on  these 
tests,  radial  clearance  was  established  us  O.OO5  to  O.OO7  inch.  Although 
other  development  problem's  later  in  the  progra;a  required  the  evaluation  of 
closer  back-up,  O.OO5  to  O.OO7  Inch  was  the  value  used  by  High  Pressure 
Engineers  in  the  Hi-Ceal  qualification  tests. 


'  “Hr»-  .007  Radial  Clearance 

(Sane  as  .Ol4  Dlanetral  Clearance) 

Modular  component  vendors  used  the  O.OI5  wall,  304  mate¬ 
rial  Hl-Ceals  throughout  their  development  programs  with  a  radial  clear¬ 
ance  of  0.005  to  0.007  inch.  Only  three  cases  of  the  seal  sticking  in  its 
cavity  were  reported. 

Of  the  development  tests  in  which  radial  clearaiu;es  as 
low  as  0.0005  inch  were  used,  in  an  effort  to  reduce  wear,  very  few  cases 
of  the  seal  sticking  occvirred.  Two  cases  were  recorded  in  which  a  force 
of  approximately  50  pounds  was  required  to  remove  the  Hi-Ceal. 

Diametral  Clearance  -  As  previously  discussed,  one  of  the 
parameters  which  control  the  clearance  between  the  Hi-Ceal  and  the  cavity 
is  that  the  seal  should  be  easily  removable  from  the  cavity  after  being 
subjected  to  maximum  squeeze  and  proof  pressure.  To  satisfy  this  require¬ 
ment,  early  tests  established  0.010  to  0.0l4  diametral  clearance  as  being 
satisfactory. 

Later  in  the  program  tests  at  Chance  Vought  indicated 
that  one  of  the  ways  to  Increase  the  seal  life  during  in^ulse  testing  was 
to  use  closer  back-up  clearance.  In  optimizing  back-up  clearance  for  the 
0.015  wall,  304  material  Ht-Ceal,  it  will  be  noted  from  groups  2  and  3  in 
Table  II-l  that  good  performance  is  obtained  with  close  back-up  clearance 
whether  squeeze  is  minimum  or  maximum.  With  back-up  clearance  increeused 
to  around  0.012  inch,  good  performance  is  obtained  when  the  squeeze  is 
toward  maximum,  but  performance  suffers  when  squeeze  is  minimum  and  back¬ 
up  is  large.  It  was  concluded  for  the  tests  at  Chance  Vought,  performed 
on  the  0.015  wall,  304  Hi-Ceuls,  that  the  specified  diametral  back-\q> 
clearance  should  be  in  the  i’ange  of  0,003  to  0.006  inch.  This  allows  good 
impulse  performance  without  causing  Hi-Cenls  to  bind  in  their  cavities. 

Tests  performed  at  High  Pressure  Engineers,  Inc.,  did 
not  Indicate  any  significant  impi’ovement  of  performance  by  reducing  dia¬ 
metral  clearemce.  Since  satisfactory  results  were  also  being  reported  by 
vendors  using  0.010  to  0,0l4  inch  diametral  clearance  in  value  quedlfica- 
tion  tests,  it  was  decided  to  qualify  tlie  Hi-Ceal  with  the  original  diame¬ 
tral  back-tq>  clearance.  Hi-Ceals  successfully  passed  qualification  using 
0.010  to  0.6i4  inch  diametral  back-up. 
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Squeeze  -  A  study  of  the  machining  tolerances,  which  is 
included  in  the  appendix,  shows  that  the  initial  squeeze  which  a  seEd  may 
be  subjected  to  in  any  one  cavity  may  vary  0.012  inch.  An  attempt  was  made 
to  establish  the  squeeze  range  between  O.OOh  and  O.OI6  inch.  Keeping  the 
reqvlired  squeeze  low  had  two  advantages:  it  reduced  installation  torque 
and  it  allowed  greater  seal  springbeujk.  However,  tests  using  O.OOh  inch 
squeeze  did  a  poor  Job  of  sealing  during  both  room  and  450*F  static  pres¬ 
sure  tests,  ^nie  minimum  squeeze  was  raised  to  O.OO6  inch  to  increase  the 
mechanical  force  between  the  seal  and  the  seats.  Considerable  improvement 
was  noted.  The  maximum  squeeze  was  accordingly  increased  to  O.OI8  inch. 
Greater  squeezes  were  not  considered  because  of  the  effect  on  installation 
torque  and  possible  structural  failure  from  excessive  deflection.  The 
deflection  versus  compression  force  curves  in  the  appendix  show  how  com¬ 
pression  force  increases  with  greater  seed  squeeze.  These  curves  also 
point  out  that  when  deflection  exceeds  about  O.OO6  inch,  further  Increase 
in  deflection  does  not  appreciably  affect  springback. 

Developnient  and  qualification  tests  verified  that  the 
squeeze  range  of  O.OO6  to  O.OI8  inch  for  the  Hi-Ceal  is  seed  is  satisfac¬ 
tory.  This  Hi-Ceal  squeeze  range  has  edso  been  used  by  vendors  during 
development  and  qualification  testing  with  satisfactory  results. 

Re-useabillty  smd  Springback  -  Because  of  the  large  vari¬ 
ation  of  squeeze  ^6.CX)6  to  6.OI8  inch)  that  a  seal  can  be  subjected  to  in 
different  cavities,  it  was  considered  unlikely  that  the  KL-Ceal  could  be 
developed  to  the  extent  that  it  would  have  unrestricted  re-useability. 
Unrestricted  re-useage  for  a  metallic  seal  used  with  modular  components 
implies  100^  recovery  or  springback  erfter  being  squeezed  and  pressurized. 
For  exaitqple,  consider  a  Hi-Ceal  that  was  Installed  in  a  cavity  that  sub¬ 
jected  the  seal  to  an  O.OI8  inch  squeeze.  To  put  this  seed  in  a  cavity 
where  squeeze  was  only  O.OO6  inch  would  require  the  seal  to  spring  back 
at  least  0,012  inch  to  make  contact  with  the  cavity  seats.  Another  O.OO6 
inch  would  be  required  in  order  to  meet  the  O.OO6  inch  minimum  squeeze 
requirement.  Conversely,  putting  a  seed  that  had  been  squeezed  O.OO6  inch 
into  a  cavity  that  normedly  squeezes  a  Hi-Ceal  0.012  to  O.OI8  inch  is 
entirely  satisfactory.  In  service  applications  of  the  Hi-Ceals,  it  is  not 
considered  practical  to  reuse  them.  However,  for  laboratory  useage,  the 
cost  of  the  seals  may  make  it  worthwhile  to  consider  re-useage. 

Chance  Vought,  High  Pressure  Engineers,  and  most  of  the 
component  vendors,  have  had  good  success  in  reusing  HL-Ceeds  in  the  same 
cavltyj  not  1005^  success,  but  enough  to  make  it  a  financiedly  worthwhile 
consideration. 


Early  tests  with  the  Hi-Ceal  established  that  the  M- 
Ceal  took  a  per/nanent  set  when  squeezed  to  the  required  deflections  of 
O.OOS  to  0.018  inch.  Force  deflection  curves  for  various  Hi-Ceal  materials, 
both  ns  formed  and  annealed,  are  shown  in  Appendix  II -7  .  Figure  II -1 
represents  typiced  resvdts.  These  curves  show  that  the  seal  material 
yields  when  deflection  increases  bo:yond  0,004  to  O.OO5  inch.  Because  of 
this,  little  springback  can  be  expected.  The  following  curves  show  a  spring- 
beick  of  about  0,002  inch  whether  the  squeeze  is  0.020  or  0.010  inch. 
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FIGURE  II -1 

TYPICAL  FORCE  DEFLECTION  CURVES  FOR  O.OI5  WALL,  30»4-  KC-CEAL 

Prom  curves  in  the  appendix  it  can  he  seen  that  other  Hi-Ceal 
materials  with  different  weill  thickness  showed  greater  recovery  properties 
than  the  O.OI5  inch  wall,  30**-  material  Hi-Ceels.  However,  these  materials 
did  not  seal  as  well  as  the  304  material.  Both  AM350  and  Inconel  X  EL- 
Ceals  had  a  springhack  greater  than  0,004  inch.  In  no  case  is  springhack 
great  enough  to  allow  unrestricted  re-useahility. 

Springhack  has  its  greatest  value  in  modiilBr  sealing  appli¬ 
cations  hy  making  the  seal  tolerant  of  sq.ueeze  changes  that  may  occur  dur¬ 
ing  pressurization  or  temperature  changes.  In  addition,  springhack  ellows 
some  reuse  of  Hi-Ceals  in  their  same  cavity. 

Installation  Torque  -  One  of  the  basic  requirements  in  select¬ 
ing  a  metallic  seal  was  that  the  force  to  compress  the  seal  must  not  cause 
excessive  modular  cotriponent  installation  torque. 

During  the  preliminary  testing  and  early  development  stages 
of  the  Hi-Ceal,  Chance  Vovight  procured  several  O.OI9  wall,  304  material  Hi- 
Ceals  to  further  investigate  the  possibility  of  using  zero  degree  Hi-Ceals 
for  two-way  sealing.  A  2.750  inch  diameter  seal  was  being  used  as  the 
secondary  seal,  and  a  1,00  diameter  seal  was  to  he  reverse  pressure  tested. 

As  the  plug  was  tightened,  it  became  apparent  that  a  very  large  torque  was 
required  to  compress  the  Hi-Ceals  to  the  required  deflection.  A  force  versus 
deflection  test  was  performed  on  the  unused  Hi-Ceals  and  it  was  learned  that 
the  compression  force  was  two  or  three  tltaes  greater  them  earlier  tests  hy 
High  Pressure  Engineers  had  indicated.  The  discreparicy  was  attributed  to 
two  things.  First,  the  earlier  force  versus  deflection  tests  hy  Higih  Pres¬ 
sure  Engineers  had  been  performed  with  O.125  inch  cross-section  Hi-Ceals, 
whereas  0.093  inch  cross-section  seals  were  now  being  used.  Secondly,  the 
0.093  seals  being  tested  were  formed  from  Hi-Ceals  that  were  originally 
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0.125  cross-section.  Because  304  is  an  austenitic  steel,  it  can  be  work- 
hardened  during  the  forming  process  used  by  High  Pressure  Engineers  in 
manufacturing  the  Hi-Ceal.  It  was  suspected  that  the  additional  forming 
caused  the  strength  of  the  Hi -Deals  to  increase,  thus  increasing  seal  com¬ 
pressive  force. 

Several  courses  of  action  were  pursued  in  an  attempt  to 
reduce  modular  component  installation  torque:  (l)  Some  consideration  was 
given  to  returning  to  the  O.I25  cross-section  Hi-Ceal.  (2)  Annealing  the 
Hi-Ceal  material  both  before  and  after  forming  was  tried.  (3)  Using  a 
thinner  wall  Hi-Ceal  was  investigated.  (4)  Different  Hi-Ceal  materials 
were  tested.  (5)  Plating  or  coating  the  Hi-Ceal  was  tried  in  an  attempt 
to  reduce  friction  between  Hi-Ceal  and  cavity  seat,  (6)  Coating  the 
threads  of  the  modular  components  with  thread  lubricants  was  investigated 
as  another  means  of  reducing  friction.  Approaches  (2)  and  (3)  precluded 
further  tests  using  zero  degree  Hi-Ceals  for  full  two-way  sealing. 

While  the  aspects  of  returning  to  the  0.125  cross-section 
HL-Ceal  were  being  studied.  High  Pressure  Engineers  reported  that  they  had 
run  tests  on  thinner  wall  KL-Ceals  in  the  annealed  and  as-formed  conditions, 
and  that  these  Hi-Ceals  had  withstood  10,000  psi  static  pressure  and  had 
been  Impulsed  200,000  times  at  room  temperature.  Since  these  reports 
sounded  encouraging,  and  to  return  to  the  O.125  cross-section  would  cause 
some  component  design  changes,  it  was  decided  to  maintain  the  already  estab¬ 
lished  0.093  cross-section. 

Calculations  were  made  which  indicated  that  the  force  to  com¬ 
press  the  HL-Ceal  ideally  should  not  exceed  approximately  100  pounds  per 
inch  of  seal  circumference.  This  figure  was  arrived  at  by  estimating  what 
would  be  an  acceptable  component  installation  torque  value,  then  solving 
for  what  seal  compressive  force  gave  this  value.  The  acceptable  installa¬ 
tion  torque  was  based  on  values  that  could  be  handled  conveniently.  These 
calculations,  which  are  included  In  Appendix  II -8  ,  also  show  that  the 
majority  of  the  torque  applied  to  a  component  is  lost  in  the  thread  friction 
and  in  friction  between  the  Hi-Ceal  and  cavity  seats.  These  calculations 


suggest  two  approaches  to  consider  in  reducing  torque;  namely,  reducing 
thread  friction  and  Hi-Ceal  surface  friction.  These  two  approaches  are 
mentioned  in  an  above  paragraph  and  will  be  discussed  later. 

Conq>resaion  tests  were  performed  on  1.000  diameter,  0.093 
cross-section,  O.OI5  and  O.OI9  wslLL  Hi-Ceals  which  had  been  sumealed.  A 
detail  discussion  of  the  aspects  of  annealing  the  Hl-Cesls  is  included 
in  the  "Materials  Report,"  Part  IV.  The  test  results  showed  that  both 
the  0.015  and  O.OI9  annealed  Hi-Ceals  still  had  excessive  compressive  force. 
The  0.015  wall  Hi-Ceal  conqiresslve  forces  ranged  between  I50  and  250  pounds 
per  inch  of  circumference  for  deflection  of  O.OO6  to  O.OI8  inch.  The  next 
step  was  to  test  thinner  wall  Hl-Ceals  both  anne«iled  and  as-formed.  The 
force-deflection  curves  show  that  annealed  0.010  wall  Hi-Ceals  met  the 
lOO-pound-per-inch-of-circumference  requirement.  The  results  of  all  deflec¬ 
tion  versus  compressive  force  tests  performed  on  the  Hi-Ceals  are  shown  in 
Appendix  II -7  . 

The  Hi-Ceals  test  summary  in  /^pendlx  II -9  shows  that 
several  annealed  0.010  wall  Hi-Ceals  were  tested  at  Chance  Vought  (s/N  25 
throixgh  30)  with  imacceptable  results.  In  genered,  the  thin-wall  seeds 
performed  satlsfeictorily  at  low  pressures  when  first  Installed  and  later 
at  very  high  pressvires.  Leakage  occurred  in  the  intermediate  pressiire 
range.  These  seals  were  installed  within  the  groove  back-up  diameter  pre¬ 
viously  determined  as  the  optimum  by  High  Pressure  Engineers. 

It  was  felt  that  seal  leakage  in  the  intermediate  pressure 
range  was  caused  by  the  relatively  low  initial  seal  contact  force  coupled 
with  a  further  decrease  in  contact  force  as  the  seal  expanded  diametrically 
under  pressure.  When  very  high  (6,000  psi)  pressures  were  applied,  the  Hi- 
Ceed  cross-section  expanded,  conforming  to  the  seal  cavity  with  sufficient 
force  to  establish  a  pressiare-tight  seal.  If  proof  pressure  should  be 
applied  to  the  seed  upon  initial  Instedlatlon,  the  intermediate  pressure 
leakage  might  not  be  detected.  This  apparently  occurred  when  High  Pressure 
Engineers  tested  the  annealed  seal,  since  they  reported  satisfactory  resldts 
in  their  Phase  I  and  II  seal  development  program.  Figure  II-2  depicts  this 
type  failure. 


Tests  on  anneeded  Hi-Ceals  showed  that  a  seal  deflection  force 
somewhat  higher  than  that  provided  by  the  annealed  seals  woijld  be  required; 
and  that  optimun  back-up  diameter  should  be  re-defined  for  thin-wall  seals. 
Specification  CVC  2464  was,  therefore,  amended  to  Include  additional  testing 
and  development  prior  to  High  Pressure  Biglneers  beginning  the  Phase  III 
qualification  testing.  High  Pressure  Engineers  weis  to  re-investigate  the 
effects  of  seal  material  strength  and  varying  back-tq)  diameters  on  seal  per- 
-formance,  deflection  force  requirements  and  seal  removability. 

Since  annealed  seals  were  not  the  answer  to  the  excessive 
installation  torque  problem  because  of  their  unacceptable  sealing  character¬ 
istics,  thin-wall  seals  that  were  not  annealed  were  tested  by  both  Chance 
Vought  and  High  Pressure  Engineers.  It  was  apparent  that  a  deflection  force 
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exceeding  100  pounds  per  inch  of  circumference  would  have  to  be  tolerated. 
Hl-Ceals  of  304  material  with  walls  of  0.010  and  0.013  Inch  were  tested. 

These  seals  were  eliminated  from  f uzther  consideration  when  several  of  the 
Hl-Ceals  split  during  pressure  Impulse  tests.  The  failure  was  attributed 
to  fatigue  and  Is  dlsotissed  in  a  following  section  on  fatigue. 

In  a  further  effort  to  keep  Hl-Ceal  eotopresslon  forces  to  a 
desirable  valuei  Chance  Vought  and  Pressure  EhglMers  undertook 
studies  of  thln-wall  Bl-Ceals  made  from  AM350  and  Inconel  X.  A  discussion 
of  these  materials  Is  Included  In  the  materials  section.  An  evaluation  of 
the  material  properties  proodsed  to  meet  seal  coopresslon  requiremnts 
while  resisting  failures  caused  by  fatigue.  Seal  compression  tests  on 
AM3^  and  Inconel  X  with  0.006  wall>  and  Inconel  X  with  0.010  wall  show 
force  versus  eonpression  to  be  tolerable*  Tests  on  0.006  wall  Inconel  X 
Hi-Ceals  (s/N  65j  66,  6$  and  70)  performed  satisfactorily  during  static 
tests  but  leaked  badly  dvulng  pressure  Impxilse  test.  Leakage  was  attribu¬ 
ted  to  severe  wear  on  both  Hl-Ceal  and  seats  and  Is  discussed  In  a  follow¬ 
ing  section  on  wear.  Tests  on  the  Inconel  X,  0.010  wall  and  0.006 

wall,  also  resulted  in  poor  sealing  performance  as  can  be  seen  la  the  Chance 
Vou^t  Hl-Ceal  test  summary  In  ^pendlx  II -9* 

As  HL-Ceal  development  testing  progressed.  It  became  obvious 
that  the  0.015  vail  Hl-Ceals  of  304  material  were  outperforming  other  mate¬ 
rial  and  wall  thickness  coefttlnatlons.  It  was  concluded  that  redielng  the 
m-Ceal  coavresslon  force  to  something  less  than  that  of  0.015  vail,  304 
material  Hl-Ceals  could  not  be  accomplished  without  seriously  reducing  the 
sealing  and  fatigue  performance  of  the  Hl-Ceal. 

To  make  the  high  compressive  forces  required  by  the  Hl-Ceal . 
more  tolerable  other  means  were  Investigated  In  an  effort  to  reduce  the 
modular  oo^ponent  Installation  torque*  Various  platings  or  coatings  on  the 
Hl-Ceal  were  Investigated  to  reduce  friction  during  cos^ponent  Installation 
and  also  to  reduce  wear*  A  discussion  of  the  platings  tried  Is  Included  la 
the  materials  section  and  also  In  the  section  on  wear.  The  results  of  this 
test  showed  that  electrollse  and  teflon  coat  did  reduoe  Installation  torqw  . 
but  were  considered  unsatisfactory  ^or  other  reasons.  Since  plating  the 
Rl-Ceals  Is  more  concerned  with  the  prevention  of  wear.  It  Is  dis^cussed 
more  thoroughly  In  that  section. 

Tests  were  conducted  with  various  thread  lubricants  as  a 
means  of  reducing  component  installation  torque.  The  test  set-up  and 
results  of  tests  are  shown  In  Figure  III-28.  Tests  were  first  run  with 
MLO-8200  as  a  lUbrloant  so  that  other  lubricants  could  be  coopared  with 
idiat  Is  actually  being  used.  It  Is  seen  that  several  of  the  lubricants  are 
vastly  superior  to  NLO-8200  In  reducing  thread  friction.  However,  use  of 
these  lubricants  Is  not  recommended  because  of  the  contamination  that  thay 
oan  Introduce  Into  a  hydraulic  system.  If  a  user  of  modular  components  has  ^ , 
particular  trouble  with  the  torque  In  scHne  applications,  a  thread  lUbrlcaat 
may  be  used;  but.  It  shall  be  the  responsibility  of  the  user  to  determine 
the  effects  of  the  lubricant  on  his  system.  In  qualifying  the  modular  com¬ 
ponents,  one  vendor  was  allowed  to  use  Silver  Qoop  and  another  BleotrofUm  In 
order  to  reduce  torque.  In  each  ease,  no  troift>le  was  experienced. 


33 


I 

I 

! 

I 


I 

I 

I 

I 

I 

I 

I 

I 


The  final  results  of  the  torque  reduction  Investigation  versi 
that  a  desirable  lov  coreponent  torque  could  not  be  obtained  without  reduc¬ 
ing  the  reliability  of  the  hydraulic  system  In  which  components  and  Rl- 
Ceals  are  used.  It  is  concluded  that  the  Installation  torques  for  some 
coniponents  take  special  consideration,  but  they  can  be  handled.  As 
described  In  Part  II  on  ccmiponent  development  problems,  one  technique 
that  was  used  to  reduce  torque  was  to  pre-set  the  seals.  Pre-setting  a 
seal  consists  of  Installing  only  one  seal  at  a  time  and  bottoming  out  the 
modular  component  so  that  the  Hl-Ceeil  takes  a  permanent  set. 

Wear  -  Excessive  wear  of  the  seals  and  seats  was  a  problem 
which  was  studied  throughout  the  development  of  the  Hl-CeeiL.  It  will  be 
noted  In  the  Hl-Ceal  Test  Summary  {Appendix  II-9)  that  In  practically  every 
test  it  was  reported  that  both  seal  and  seat  wear  had  occurred.  Pictures 
of  wear  on  both  the  test  meuilfold  and  Hl-Ceal  are  shown  In  the  Material 
Section,  Part  IV.  The  wear  was,  of  course,  the  result  of  movement 

between  the  HL-Ceal  and  the  cavity  seats.  Figure  II-3  depicts  this  move¬ 
ment  and  points  out  that  even  with  zero  back-up  clearance  movement  still 
takes  place.  The  effect  of  wear  Is  that  It  reduces  seal  life 
In  hydraulic  systeraC'  subjected  to  pressure  Impulses.  The  wear  particles 
also  contaminate  the  l^draullc  system. 

Three  types  of  wear  were  detected  and  efforts  made  to  combat 
each  type.  The  types  were  galling,  abrasion  and  fretting  corrosion. 

In  coordination  discussions  with  NAA,  Inglewood,  personnel 
who  are  also  working  on  the  metallic  face  seal  problem,  it  was  learned  that 
Identical  wear  and  fretting  corrosion  problems  have  occured  with  Hl-Ceals 
and  other  seal  tests.  NAA's  wear  problem  was  even  more  extreme  because  thair 
manifolds  are  H-11  tool  steel  with  an  approximate  hardness  of  Rc  58. 
Approcushes  to  the  present  problems  Involved  In  the  seal  development  were 
coordinated  with  HAA  for  mutual  benefit. 

Galling  was  not  as  serious  a  problem  as  the  other  two,  but  It 
was  partly  responsible  for  eliminating  the  Inconel  X  material  EL-Ceals.  In 
tests  on  the  Inconel  X  Hl-Ceals,  It,  was  difficult  to  obtain  even  a  static 
seal  at  room  temperature.  A  test  with  S/N  77  pointed  out  that  cavity  seats 
were  damaged  during  Installation  —  prior  to  any  pressure  tests.  The  gall¬ 
ing  Is  attributed  to  the  high  coefficient  of  friction  between  the  cavity 
seats  and  the  Hl-Ceal,  and  the  high  force  required  to  compress  the  0.010 
material  HL-Ceal.  Galling  was  not  detected  on  304  materlcQ.  axid  AM350  mate¬ 
rial  tests j  however,  the  ixjsslblllty  of  It  occurring  suggested  steps  be 
taken  to  redxice  the  possibility.  Plating  the  seal  with  sliver  plate  and 
nickel  plate  were  tested  as  means  of  reducing  Installation  friction.  Tests 
showed  that  friction  was  reduced  but  that  the  plating  work  off  during 
Impulse  testing.  The  sllvezplate  was  later  Incorporated  on  the  larger  size 
Hl-Ceals.  This  Is  discussed  In  High  Pressure  Engineers,  Inc.,  qualifica¬ 
tion  report.  Since  good  results  were  obtained  with  the  vinplated  304  material 
Hl-Cecds,  protection  against  galling  was  considered  minor  and  was  not  pur¬ 
sued  further. 
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WITH  THE  SEAL  UMDER  PRESSURE  BOTH  CCWDITICW  1  AHD  2  OCCUR  SIMULTAMEOUSLY.  WITH 
PRESSURE  REDUCED  TO  ZERO  THERE  WILL  BE  A  CERTAIN  AMOUNT  OP  SPRING  BACK.  THE  RESULT 
IS  A  CIRCUMEERENTIAL  WEAR  PATTERN  ON  THE  SEATS  AND  ON  THE  SEAL. 


One  of  the  more  troublesome  of  the  veer  problems  ves  fretting 
corrosion.  Briefly,  fretting  corrosion  Is  surface  dsmage  that  occurs  vfaen 
tvo  solid  surfaces  are  In  vibrating  contact  under  high  unit  loads.  Hl- 
Ceals  perfoim  In  this  manner  during  pressure  Impulse  cycling  as  sbovn  In 
Figures  II -4,  &  6.  In  the  book,  "Deterioration  of  Materials,"  by  Qlenn 

A.  Greathouse,  several  methods  of  preventing  fretting  corrosion  vere  listed. 
Some  of  these  methods  suggested  Ideas  that  vere  tried.  Ai|K>ng  the  methods 
aiqpllcable  to  the  Hl-Ceal  develoiment  program  vere:  (l)  provide  lubrication 
or  surface  coatings  to  reduce  friction,  (2)  prevent  slippage,  (3)  Increase 
hardness  of  one  or  both  surfaces,  and  (4)  reduce  the  load.  All  of  these 
methods  except  Nvnnber  (4)  suggest  that  a  coating  such  as  electrolize,  elec¬ 
troless  nickel,  chrome  plate,  or  silver  plate  may  be  required  to  get  the 
ultimate  seal.  Much  of  the  testing  that  vas  done  on  seals  and  seats  that 
vere  coated  vas  done  to  prevent  or  reduce  fretting  corrosion.  Other  bene¬ 
fits  of  the  coatings  vould  be  to  reduce  galling  and  abrasion  by  reducing 
friction. 


The  effects  of  a  soft  scelL  on  hard  chrome  seats  vas  Investi¬ 
gated  by  S/N  96.  It  Is  noted  that  test  results  are  very  good  during  static 
pressure  tests  and  during  early  xaessure  Impulse  cycling.  The  apparent  sud¬ 
den  failure  around  3,700  plc^  vas  not  accounted  for.  The  upper  and  lover 
seats  shoved  very  little  vear  vlth  no  evidence  of  fretting  corrosion.  The 
vear  on  the  Hl<Oeal  vas  negligible.  One  theory  Is  that  the  chrome-plate 
seats  develop  minute  cracks  \d)lch  open  under  pressure  alloving  a  leakage 
path. 


S/H  97  end  9B  vere  electrolized  by  The  Electrollzlng  Corpo¬ 
ration.  Briefly,  electrollzlng  Is  a  process  Vhlch  deposits  a  high  chromium 
alloy  on  the  surface  of  the  basic  metal  being  treated.  It  vas  anticipated 
that  the  electrolize  vould  increase  the  pic  life  of  the  Hl-Ceal  by 
reducing  fretting  corrosion.  Although  evidence  of  fretting  corrosion  vas 
very  slight  after  pic,  electrollzlng  Increased  the  surface  hardness  of  the 
Hi-Ceal  to  such  an  extent  (approximately  Rc  72)  that  excessive  seat  vear 
occurred  during  Installation.  This  undoubte^y  contributed  to  the  early 
evidence  of  unacceptable  leakage.  Finding  S/H  9^  split  after  impulse 
cycling  vas  not  surprising  since  It  has  already  been  established  that  the 
0,006  vail  Is  too  thin.  The  O.OO6  vail  seals  vere  used  for  these  tests 
because  they  provided  vear  date  that  could  be  compered  to  previous  tests. 

It  Is  conclxided  that  electrollzlng  does  help  in  preventing  fretting  corro¬ 
sion,  but  In  order  to  utilize  this  process  the  seal  and  the  seats  must  be 
electrollzed;  or  the  seats  electrollzed  and  the  seal  remain  uncoated. 

An  electrollzed  17-4  plug  vas  used  in  the  test  of  S/N  119 
seal.  Electrollzlng  vas  done  by  The  Electrollzlng  Company  of  Chicago, 
Illinois.  Examination  of  the  plug  after  2^,000  pressure  Impulse  cycles 
shoved  that  the  electrollzed  surface  had  Improved  the  abrasion  Mslstance 
of  the  17-4  and  practically  eliminated  fretting  corrosion.  In  general,  It 
appears  that  Rl-Ceal  Impulse  life  can  be  Increased  by  using  electrollzed 
seats.  As  for  practicability,  additional  cost  and  handling  required  by 
the  process  vlll  be  a  disadvantage. 
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Two  m-Ceals  were  teflon  coated  in  an  effort  to  reduce 
friction,  thus  iraprovlng  pressure  impulse  life.  S/N  105B  and  128  were 
coated  with  a  one-coat  teflon  enamel,  which  was  applied  in  accordance 
with  process  specification  CVC  67.  The  coating  is  .0007  *  .0001  inch 
thick  and  is  haked  on  at  720*  ±  20 ‘F.  Initial  sealing  performance  was 
excellent  with  these  seals  and  Impulse  life  appeared  to  benefit.  However, 
the  teflon  wm  completely  worn  off  the  Hi-Ceal  where  it  contacted  both 
seats  and  where  it  contacted  the  diametral  back-vg^  during  high  impulse  pres¬ 
sures.  It  was  concluded  that  teflon  coating  on  Hl-Ceals  would  not  be  accept¬ 
able  in  a  hydraxillc  system  because  of  the  contamination  generated.  Tests 
with  nickel  plate  are  discussed  in  the  Material  Section,  Part  IV.  Silver 
plated  Hl-Ceals  are  discussed  in  High  Pressvure  Engineers,  Inc.,  Hl-Ceal 
q.uedlflcatlon  report. 

Other  steps  taken  to  reduce  abrasion  and  fretting  corrosion 
were  to  Investigate  varloxis  materials  so  that  those  with  the  greatest  resist¬ 
ance  to  wear  could  be  recommended.  While  testing  Inconel  X,  AM350  and  304 
materied.  Hi-Ceals,  the  seat  materials  were  varied  among  440c,  420.  4l6  and 
17-4PH.  All  seats  were  heat  treated  in  the  range  of  Rc  34  to  Rc  40.  After 
each  test,  the  seat  wear  was  studied  under  a  ^0-power  microscope  and  visual 
comparisons  were  made  with  regard  to  both  abrasion  and  fretting  corrosion 
resistance.  The  concltisions  reached  frc»n  these  tests  were  that  for  modular 
component  sealing  applications,  440c  exhibited  exceptional  wear  resistance 
characteristics.  The  magnitude  of  its  superiority  over  the  other  three  was 
somewhat  suzprlslng.  However,  its  use  is  somewhat  limited  in  high  pressure 
application  by  its  high  notch  sensitivity.  The  420,  4l6  and  17-4PH  exhibited 
similar  wear  characteristics,  with  none  being  sigperlor  to  the  other.  Al- 
,  though  440c  showed  superior  wear  resistance,  it  must  be  concluded  that  none 
of  the  materials  were  an  ideal  solution  toward  eliminating  seat  vear.  For 
design  purposes,  any  of  the  above  materials  are  considered  acceptable,  with 
such  things  as  notch  sensitivity,  availability,  ease  of  machining,  material 
cost,  etc.,  playing  a  role  in  the  final  selection. 

Figure  II -3  not  only  indicates  the  manner  in  which  wear  takes 
place,  as  discussed  earlier,  but  suggests  that  the  way  to  reduce  movement 
between  seat  and  Hi-Ceal  is  to  use  -a  thicker  HL-CeciL.  Since  the  thinner 
wslII  Hi-Ceals  of  various  materials  did  not  perform  well,  testing  eventually 
converged  on  the  O.O15  inch  wall,  304  material  Hl-Ceal.  This  seal  clearly 
outperformed  the  other  Hl-Ceals  tested  at  Chance  Vought.  This  can  be  seen 
in  the  Hl-CeeQ.  Test  Summary  by  noting  that  a  greater  number  of  pres'sui^ 
impulse  cycles  were  being  tolerated  by  the  O.OI5  wall,  304  Hl-Ceal. 

Although  this  Hi-Ceal  was  declsnred  the  optimum  configuration  with  regard 
to  wall  and  material.  Chance  Vought  was  still  experiencing  a  seat  wear 
problem  in  their  test  fixture  that  was  disturbing.  High  Pressure  Engineers 
had  reported  that  in  their  tests  wear  was  not  of  the  magnitude  Chance  Vought 
was  experiencing.  The  main  difference  in  the  tests  was  the  type  of  test 
fixtures.  The  wear  was  satisfactorily  reduced  and  Hl-Ceal  performance 
greatly  Increased  when  Chance  Vought  began  to  run  tests  in  TL  3618  test 
fixture  in  lieu  of  the  TL  3^28  test  fixture.  The  newer  fixture  also  re¬ 
duced  a  Hl-Ceal  fatigue  problem.  The  test  fixtures  and  fatigue  problem 
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are  discussed  In  the  next  section.  Although  vear  was  substantially  reduced 
by  switching  to  the  TL  3^18  test  block,  it  remains  a  problem  area  where 
improvement  may  be  worthwhile  from  the  standpoint  of  eliminating  contamina¬ 
tion  particles. 

Fatigue  -  When  it  was  decided  that  the  conpressive  force  of 
304  material,  0.015  and  0.019  wall  Hi-Ceals  was  too  great,  the  development 
program  began  to  test  thln-wall  Hi-Ceals  of  different  materials.  Some 
thin-wall  Hi-Ceeds,  0.010  and  0.013  inch,  lost  their  sealing  effectiveness 
and  were  discovered  to  have  split  after  as  few  as  5^700  pressure  inpulse 
cycles.  The  splitting  was  attributed  to  the  flexing  action  the  seal  gets 


I 

HI-CEAL  FATIGUE  FAILURE 

during  prefisure  impulse  cycling.  This  flexing  eventually  work  hardens  the 
material  causing  it  to  crack  or  split.  -  The  flexing  motion  is  shown  in 
Figure  II -3.  Splitting  also  occurred  on  one  AM350  material,  0.006  wall  Hi- 
Ceal.  !rhe  manner  of  failure  siiggested  that  the  walls  of  the  Hi-Ceal  be 
thicker  to  reduce  the  flexing.  The  0.015  wall,  304  material  Hi-Ceal  seemed 
to  be  the  answer.  While  it  was  established  that  the  0.015  wall,  304  mater¬ 
ial  Hi-Ceal  had  superior  sealing  ability.  Chance  Vought  detected  three 
failures  of  this  seal  by  splitting.  Since  High  Pressure  Engineers  had  not 
experienced  this  type  failvire,  attention  was  directed  to  the  test  blocks 
which  were  the  only  differences  between  test  methods. 

Table  II-l  is  an  accumulation  of  test  data  of  304  material, 
0.015  wall  HL-Ceal  tests  performed  at  Chance  Vought.  All  of  these  seals 
are  of  tjpe  zero  degree,  one-way,  13/16  inch  nominal  ID  (l.OO  inch  OD). 

The  seal  test  data  is  arranged  in  three  groups.  Tes^ts  performed  in  TL3628 
test  fixture  with  shims  are  listed  in  Group  1,  tests  performed  in  the  TL3628 
teat  fixture  without  shims  are  listed  in  Group  2,  and  tests  performed  in  the 
newer  TL3618  test  fixture  are  listed  in  Group  3.  See  Appendix II -9  for  pic¬ 
tures  of  these  test  fixtures.  The  purpose  of  this  table  is  to  present  a 
conpariaon  of  initial  test  conditions  to  final  results. 

It  is  noted  that  two  of  the  Hi-Ceals  in  Group  1  failed  by 
splitting.  In  addition,  it  was  determined  from  a  microscopic  study  of 
s/N  115  that  a  crack  heid  started  but  had  not  worked  its  way  through.  A 
discussion  and  photographs  of  this  condition  are  given  in  the  Materials 
Section,  Part  IV,  of  this  report.  A  sketch  is  shown  in  Figure  II -7. 

Although  splitting  had  been  experienced  in  other  Hl-Ceal 
materials  and  sizes,  it  was  not  expected  to  be  a  problem  in  the  304  material, 
0.015  vail  Hi-Ceal.  The  effort  to  deteraine  the  cause  of  splitting  failures 


TABLE  II-l 

test  data 


No.  of 


GROUP  1 


120 

93 

115 

118 

119 


GROUP  2 


Squeeze 

Dia. Backup 
Clearance 

(in.) 

(In.) 

Seat 

Mo-’tls  * 

Plug 

Base 

GROUP  3 


.0045 

.0056 


.006 

.0035  . 

.008 

.0078  . 

.020 

.0120  , 

.0014 

.0035 

.0120 

.0124. 

.0159 


WbM 

<3^>4m^ 

:;5|?>^C 

I49>302r 


Comments 


Hi-Ceal  Split 
Split  started 
Hi-Ceal  split 


V'"*~  ",■,>■>■■.'•■ 


¥^4'i^l'r.;;-  .stuck  in  cavity 

'lO  '■■>- 

,'_v  ■  ■■ 

•.v:.  •.>  •*■•^1/ 


S/N  83 

AM  350  X  .006 


MAGNIFICATION  OF  HE-CEALS  (lOO  X) 

.006  (REF) 

Inside  of  KL-Ceal  rather  rough 
15^315  plc*  Had  split  in  two. 

CRACK 


s/n  85 

AM  350  X  .006 


.006-  ,(REF),V  ■/  . 


Ceal  much  smoother  than 
21,750  pic.  No  cracks  detected 


4'  :C  "' <>.«!  .f  ■  -v  :  -  A . 


Inside  of  Hi-Ceal^'smpother  than  either 
S/N  83  or  85.  13>p00  pic.  No  cracks. 


.015  (REF) 


S/N  93 

304ss  X  .015 


:s/n  115  .  ; . 

.  304  SS  ,x\/;615v;  '^-^  .7 


Fairly  rough  on  inside  but  no  cracks. 
14,890  pic. 


.015  (ref) 


CRACK 


Fairly  rough  oh  inside.  Has  beginning 
of  crack  but  not  all  the  way  thru.  Had 
12,150  pic. 


m-CEAL  FAIUJRES 
FIGURE  II -7 
(No  Scale) 


As  described  earlier,  one  of  the  quality  problems  was  that  of 
forming  wrinkles  on  the  inside  of  the  Hi-Ceal.  This  problem  has  been  cor¬ 
rected  by  further  improved  forming  techniques.  It  is  recommended,  however, 
that  "wrinkling"  be  checked  on  periodicEQ.ly  by  a  user  of  Hi-Ceals. 

It  is  concluded  that  the  quality  of  the  Hi-Ceal  has  been  im¬ 
proved  throughout  the  program  and  that  production  quantities  of  high  qtiality 
Hi-Ceals  can  be  obtained  from  High  Pressure  Engineers.  High  Pressure  Engi¬ 
neers  recently  announced  that  they  are  procuring  automatic  machinery  for 
Hi-Ceal  production  pmposes. 

Hi-Ceal  Materials  -  A  detail  discussion  of  the  materials  inves¬ 
tigated  for  Hi-Ceals  and  for  other  uses  in  the  program  is  included  in  Faxt  IV 
Materials.  The  following  information  is  a  brief  summary  of  what  was  observed 
while  working  with  these  materials. 

Of  those  considered,  type  304  stainless  steel  was  eventually 
selected  as  the  best  material  for  the  Hi-Ceal.  The  material  is  easy  to  form, 
and  strength  of  materials  charts  show  no  loss  of  strength  at  450* F.  Tests 
with  different  wall  thicknesses  of  this  material  showed  the  0.015  wall  to  be 
the  optimum  configuration.  This  wall  size  gave  the  necessary  high  contact 
forces  between  the  Hi-Ceal  and  the  cavity  seats,  while  keeping  installation 
torque  to  a  value  that  could  be  tolerated.  Compared  to  other  materials, 
cavity  seat  wear  with  the  0.015  wall,  304  materieO.  Hi-Ceal  was  noticeably 
less. 


Tests  with  all-beta  titanium  Hi-Ceals  have  proven  this  material  • 
to  be  unacceptable.  Some  of  these  Hi-Ceals  were  coated  with  a  moly  lubricant, 
others  were  coated  with  anodize,  and  some  were  plain.  All  tests  followed  the 
same  pattern.  Initial  sealing  was  obtained  but  the  Hi-Ceal  wore  away  very 
rapidly  during  in^ulse  cycling  resulting  in  early  failure  (excessive  leakage). 
The  anodize  and  moly -lubricant  coatings  on  the  seals  quickly  wore  off  and  were 
of  no  apparent  value. 

Inconel-X  Hi-Ceals  were  a  little  more  difficult  to  form  than 
the  other  materials.  Some  waviness  was  detected  which  made  initieil  sealing 
difficult.  This  material  also  showed  a  tendency  to  gall  during  installation. 
The  material  hardness  in  the  as-formed  condition  was  measiired  as  Rc  29.  This 
compares  to  Rc  19-25  for  the  304  in  the  as-formed  condition.  Because  of  the 
hardness  of  the  material  and  its  galling.,  tendency,  excessive  cavity  seat  wear 
resulted  in  all  tests  with  Inconel-X  Hi-Ceals. 

AM350  material  exhibited  excellent  forming  properties  and  the 
test  samples  sent  to  Chance  Vought  were  of  high  quality.  The  Hi-Ceals  had  a 
measured  hardness  of  Rc  28-30  in  the  as-formed  condition  and  average  hardness 
of  Rc  44  in  the  aged  condition.  Hardness  of  the  cavity  seats  ranged  between 
Rc  35  to  Rc  42.  Tests  results  of  s/N  65,  66,  69  and  70  indicated  that  the 
0.006  aged  seals  were  too  hard  and  too  flexible  for  this  application.  Although 
the  hardness  of  the  as-formed  Al<1350  was  softer  than  the  aged,  excessive  seat 
wear  occurred  for  both  the  aged  and  the  as-formed  AIj1350  HL-Ceals.  In  compari¬ 
son,  AM35O  caused  greater  cavity  seat  wear  than  the  304,  but  less  than  the 
Inconel-X. 


brings  out  two  factors.  Figure  II-7  shows  various  Ht-Ceal  cracking  condi¬ 
tions.  The  split  starts  in  the  valley  of  a  wrinkle  on  the  inside  diameter 
of  the  Hi-Ceal,  Since  the  valleys  form  stress  concentration  points  they 
are  undoubtedly  a  factor  contributing  to  failure.  The  wrinkles  result  from 
forming  the  Hi-Ceal  and  are  more  evident  on  some  Ili-Ceals  than  others.  This 
indicates  that  with  proper  quality  control  the  wrinkles  can  be  eliminated. 

High  Pressure  Engineers  are  confident  that  they  can  prevent  wrinkling  from 
occurring  by  careful  forming  techniques.  The  quality  of  these  seals  should 
be  periodically  checked  by  users. 

The  other  factor  that  apparently  contributes  to  the  seal  split¬ 
ting  is  a  shortcoming  in  the  TL3628  test  fixture  design.  This  fixture  is 

shown  in  Appendix  II -9.  In  many  tests,  shims  are  used  under  the 

baseplate  to  control  squeeze  on  the  fixture's  elastomeric  seal;  Although 

considerable  torque  is  put  on  the  plug  to  give  firm  support  to  the  baseplate, 
indications  are  that  the  pressure  impulses  cause  the  baseplate  to  deflect  a 
microscopic  amoimt.  This  deflection  causes  a  flexing  of  the  Hi-Ceal  which 
eventually  results  in  a  fatigue  failure  of  the  metal.  The  failure  would  be 
accelerated  by  the  stress  concentration  points  caused  by  wrinkling.  It  can 
be  seen  from  Groups  1,  2  and  3  of  Table  II-l  that  splitting  ceased  when  tests 
were  performed  without  shims.  This  fact  points  out  the  itriportance  of  pro¬ 
viding  firm  Hi-Ceal  seats,  and  the  misuse  of  the  shims. 

On  the  basis  of  number  of  impulse  cycles  and  leakage  rate  at 
the  conclusion  of  each  Hi-Ceal  test.  Group  3  Hi-Ceals  outperformed  those  in 
Groups  1  and  2.  Leakage  rates  of  12  cc/hr  during  impulse  testing  were  not 
conside;p?d  excessive,  since  in  most  applications  the  seals  will  not  be  sub¬ 
jected  to  the  steady  6,000  psi  impulsing  of  development  tests.  However, 
static  leakage  after  impulsing  is  expected  to  be  zero.  The  improved  per¬ 
formance  of  Group  3  Hi-Ceals  is  attributed  to  the  TL3618  test  fixture  which 
provides  firm  seats  by  removing  both  the  baseplate  and  shims.  Hi-Ceals 
tested  in  the  TL3618  test  fixture  more  closely  simulate  actual  Hi-Ceal  use- 
age.  Because  modular  component  designers  have  provided  firm  seats  for  the 
Hi-Ceals  and  because  quality  of  the  Hi-Ceal  can  be  controlled,  it  is  con¬ 
cluded  that  fatigue  failures  will  not  occur  in  modular  systems. 

Hi-Ceal  Quality  Throughout  the  development  program.  High 
Pressure  Engineers  continued  to  improve  the  quality  of  the  Hi-Ceal.  Early 
in  the  program,  trouble  was  experienced  with  holding  the  close  dimensional 
tolerances  of  the  Hi-Ceal.  The  final  tolerances  that  were  considered  neces¬ 
sary  and  are  now  being  held  by  High  Pressure  Engineers  are  as  follows: 


.001 


w- 


Dimensional  Tolerance  Typical  for 
Each  Type  Hi-Ceal 


Back-up  Seal  Tests  -  While  High  Pressure  Engineers  was  developing 
and  ultimately  qualifying  the  0,015  wall^  304  material  Hi-Ceal,  Chance  Vought 
continued  investigation  of  alternate  metallic  seals.  Testa  were  performed  on 
the  following  seals. 


^ex  Metallic  Seal  -  This  seal  is  made  hy  Servotronics, 
Incorporated.  Chance  Vought  procured  eight  of  these  seals  made  from  17-7PH 
stainless  steel.  Four  of  the  seals  were  teflon-coated  and  four  were  silver- 
coated.  The  results  of  these  tests  are  shown  in  Table  II -2. 


Apex  Seal 


Three  observations  were  made  from  the  limited  tests  performed : 

(1)  The  Apex  metallic  seal  as  conqpared  to  the  Hi-Ceal 
causes  very  little  cavity  seat  wear. 

(2)  Because  of  its  configuration,  sealing  at  high  squeeze 
was  lansatisfactory.  This  indicates  that  the  Apex 
seal,  as  it  is  now  designed,  will  not  cover  the 
squeeze  range  from  0,006  to  0.0l8  inch  which  is 
reqxrLred  by  the  modular  program. 

(3)  The  strength  of  the  Apex  seal  was  not  adequate  to 
tedce  iinpulse  pressure  tests. 

Figure  II-  8  shows  the  splitting  failures  that  occurred  on  four  of  the 
eight  Apex  seals.  However,  the  minimum  cavity  seat  wear  and  good  sealing  of 
the  nominal  squeeze  tests  were  very  encouraging.  It  is  concluded  that  the 
Apex  seal  shows  good  promise  but  that  further  development  is  required  to  make 
it  acceptable  for  modular  program  use. 

A-3^7  Bonded  Elastomer  Seal  -  This  seal  is  made  by  Precision 
Rubber  Products.  Precision  Rubber  designed  and  built  ten  of  these  seals  for 
Chance  Vought .tp  test.  It  was  agreed  that  the  firm  cavity  dimensions  and 


temperature  requirements  posed  a  difficult  problem  for  this  type  seal.  The 
A-357  seal  was  tested  with  unacceptable  resxilts.  The  seals  would  not  pass 
the  static  pressure  tests  at  450'’P.  When  removed  the  elastomer  was  found  to 
have  severely  extruded. 
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In  addition  to  the  suitability  tests  on  the  Apex  and  the  A-357  seals,  • 
tests  were  performed  with  the  0v017  and  0,019  wall,  304  material  Hi-Ceais. 
Test  results  show  that  these  seals  did  not  out-perform  the  O.OI5  wall,  304 
material  Hi-Ceal.  The  reduced  performance  of  the  thick-wall  Hi-Ceals  was 
attributed  to  the  very  high  force  required  to  squeeze  these  seeds.  The  high 
squeeze  force,  in  conjunction  with  friction  between  seeds  euid  Hi-Ceeds, 
apparently  caused  the  Hi-Ceal  to  gall  and  distort  under  installation  torque. 
This  sometimes  prevents  even  initial  sealing  as  evidenced  by  s/N  124  and 
S/n  124a  tests.  In  an  effort  to  reduce  the  friction  and  the  resulting  gall¬ 
ing  and  distortion,  s/n  128  was  teflon-coated  and  tested.  The  test  shows 
that  a  low  coefficient  of  friction  between  the  HL-Ceal  and  seats  greatly 
improves  performance  of  the  seals;  however,  the  teflon  contaminates  the  sys¬ 
tem  as  it  wears  off  presenting  an  undesirable  condition.  A  search  has  been 
made  for  a  more  rugged  coating  without  successful  residts.  The  high  instal¬ 
lation  torque  required  by  the  thicker  wall  Hi-Ceals  and  the  fact  that  they 
have  not  exhibited  superior  sealing  characteristics  eliminated  them  from 
further  consideration. 


7«  Selection  of  a  Radial  Wedge  Seal 

The  study  of  modular  component  configurations  indicated  that  a  radial 
seal  would  be  required  in  modular  cartridge,  ^-way  selector  valve  designs* 

To  stimulate  interest  In  this  type  metallic  seeil.  Chance  Vought  ^eclfica- 
tion  M.H. 2  was  sent  to  veiilous  companies.  This  specification  is  discussed 
earlier  in  the  report  and  is  included  as  Appendix  II -2.  PrOTiising  seal 
proposals  were  submitted  by  Bendix-Pacific,  High  Pressure  Engineers, 

Cadillac  Gage,  and  Vinson,  Feasibility  study  contracts  were  awarded  to 
Bendix-Paciflc  and  High  Pressure  Engineers,  with  Chance  Vought  Specifica¬ 
tion  CVC  2k6l  covering  the  detail  requirements.  This  specification  is 
included  in  Appendix  II -5.  Due  to  the  size  of  the  Cadillac  Gage  design 
and  possible  dis-assembly  problems  with  the  Vinson  design,  these  approaches 
were  not  considered  feasible  for  this  application. 

8.  Results  of  Feasibility  Studies 

The  final  report  from  High  Pressure  Engineers  covering  their  radial 
seal  feasibility  contract  stated  that  radial  (90* groove)  seals  having  a 
0.015  wall  thickness,  silver-plated,  in  the  ."as  formed"  condition,  met  the 
specification  requirements  with  the  exception  of  a  weeping  action  which 
started  after  125,000  impulse  cycles.  These  seals  passed  the  proof  pressure 
test  with  no  leakage  after  200,000  pressure  impulse  cycles.  The  weeping 
action  amounted  to  approximately  one  drop  of  fluid  in  10  minutes  of  impulse 
testing.  The  axial  force  required  to  insert  four  1,250  O.D.  radial  seals 
into  the  test  fixture  was  approximately  155  pounds.  A  sketch  of  the  radial 
seal  test  fixture  is  shown  below.  The  back-up  ring  configurations  shown 
were  determined,  after  tests,  to  minimize  seal  motion  under  pressure  impuls¬ 
ing.  Because  the  installation  forces  for  this  seal  would  be  excessive  for 
a  modular  component,  development  of  this  configuration  of  the  Hi-Ceal  was 
discontinued. 


Radial  Hl-Ceal  Test  Fixture  (Four  Seals) 


The  Bendix-Pacific  radial  wedge  seal  successfully  completed  feaslhillty 
studies.  The  results  of  these  studies  are  included  in  the  following 
Bendix-Pacific  reports:  Report  No.  7-77Q,  Report  No.  7-778A,  arid  Report  No. 
7-778B.  The  manner  in  which  the  metallic  wedge  seals  are  to  be  used  in  the 
modular  program  is  shown  in  Figure  II -9. 

On  the  basis  of  the  feasibility  study,  Bendix-Pacific  was  awarded  an, 
additional  contract  to  fully  qualify  the  optimum  wedge  seal  design  to  modu¬ 
lar  program  requirements  specified  in  CVC  2k6l.  The  wedge  seal  was  succese- 
fully  qualified  in  the  two  sizes  specified  by  CVC  2k6l,  The  results  of 
qualification  tests  are  included  in  Bendix-Pacific  reports  7-1120  and  7“122^« 

9.  Development  of  the  Bendix  Radial  Wedge  SeaLL 

Although  complete  development  details  can  be  foiaid  in  the  reports  men¬ 
tioned  above,  a  summary  of,  the  wedge  seal  development  is  included  here  for 
convenience.  It  will  be  noted  from  Specification  CVC  2k6l  that  the  wedge 
seal  program  was  divided  into  three  phases.  Phase  I  was  concerned  with 
proving  the  wedge  seal  concept  by  performing  feasibility  tests  and  studies. 
Phase  II  required  that  an  optimum  wedge  seal  design  be  qualified  for  use  in 
the  Class  "A, "  4-way,  3-position,  solenoid -operated  cartridge  valve.  Phase 
III  required  that  an  optimum  wedge  seal  be  qualified  for  use  in  tbe  Class 
"C, "  4-way,  3-position,  solenoid-operated  cartridge  valve. 

•During  Phase  I,  four  different  wedge  configurations  were  studied.  The 
seals  were  subjected  to  hydraulic  pressure  testing  with  configuration  "C" 


BENDIX  SEAL  CONFIGURATIONS 


seal  proving  most  satisfactory  in  meeting  requirements  of  Specification  CVC 
246i,  All  hydraulic  testing  was  performed  in  test  fixtures  which  approxi¬ 
mated  the  actuad  application  as  shown  in  Figure  II -9  .  One  difference  was 
that  the  feasibility  study  test  fixtures  accoiianodated  only  four  sets  of 
rings.  Although  sealing  ability  was  very  good,  the  torque  required  on  the 
collar  to  effect  zero  lealcage  was  too  great. 

In  order  to  reduce  torque  requirements  from  the  prohibitive  300  ft. /lb. 
torque  required  by  the  original  configuration,  the  wedge  seal  was  redesigned. 
The  design  changes  consisted  of  the  following  items: 
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a.  Reduction  of  longitudinal  width  of  each  wedge  from  its 
original  width  of  0.l40  ±  O.OO5  to  O.055  inch. 

b.  Reduction  of  wedge  angle  from  to  37**  This  oheinge  did 
not  affect  the  self-releasing  feature  when  dis-assembling. 

c.  A  chamfered  wedge  on  the  outer  wedge  and  a  radiused  surface 
on  the  inner  wedge.  This  is  to  allow  some  measure  of  misalignment  without 
affecting  sealing  at  the  mating  surfaces  of  the  wedges. 

d.  Change  of  material  from  17-^PH  at  Rc  35  to  440e  stainless 
steel  heat  treated  to  Rc  55-^0. 

e.  Elimination  of  silver-plating. 

It  was  also  pointed  out  that  the  threads  on  which  the  collar  rotates 
must  have  a  lubricant.  This  was  necessary  to  reduce  friction  in  the  threads^ 
thereby  allowing  a  greater  percentage  of  the  applied  torq,ue  to  be  transmitted 
to  the  seals.  It  was  found  that  the  wedge  seal  sealing  torque  increased 
almost  as  a  direct  function  of  increased  threeid  coefficient  of  friction. 
Bendlx  used  Electro-film  No.  2006  on  the  threads  of  both  the  body  and  the 
collar.  The  Electro-film  No.  2006  was  deposited  to  a  thickness  of  0.0002  to 
O.OOOh  inch  and  is  capable  of  withstanding  sustained  temperatures  up  to 
750*F.  After  approximately  ten  disassemblies  of  the  test  unit,  it  was  neces¬ 
sary  to  renew  the  electro-film  deposit  on  the  threads  of  the  collar. 

The  above  changes  were  successful  in  reducing  installation  torque  frran 
300  to  70  ft. /lbs.  while  maintaining  zero  to  very  low  leakage  (4  to  5  drops 
per  minute).  Because  of  this  success,  Bendix  was  awarded  the  contract  for 
Phase  II  wedge  seal  development  and  qualification  as  described  in  CVC  246l. 
Befbre  starting  qualification,  Bendix  was  to  investigate  the  possibility  of 
changing  the  hardness  of  the  wedge  seals  from  Rc  35-’6o  to  Rc  34  to  obviate 
the  possibility  of  damage  or  wear  to  manifold  sealing  surfaces. 

The  Phase”  II  seals  were  fabricated  from  type  17-4PH  corrosion-resistant 
steel.  These  seals  had  a  measured  hardness  of  Rc  34.  Seal  design  and  slz- 
were  identical  to  the  final  seal  configuration  developed  under  the  Phase  I 
feasibility  study.  Torque  and 'leakage  tests  were  performed  upon  a  seal 
assembly  containing  four  pairs  of  sealing  I’ings.  These  test  results  indi¬ 
cated  satisfactory  sealing  with  the  Rc  34  seals  at  60  ft. /lbs.  of  torque 
versus  fO  ft. /lbs.  for  the  Rc  55-^0  seals  developed  under  Phase  I. 

. Subsequent  tests  called  for  comparison  of  the  torques  required  for 
sealing  up  to  six  pairs  of  sealing  rings  of  both  hardness  ranges  installed 
upon  a  dununy  modular  valve.  Both  the  soft  seal  and  the  hard  seal  were 
tested  to  determine  the  torque  required  to  effect  zero  leakage  with  2,  3> 

3,  and  6  pairs  of  sealing  rings  when  subjected  to  a  static  pressure  of 
6,000  psi.  The  soft  seals  were  fabricated  from  type  17-4PH  corrosion- 
resistant  steel  and  had  a  measured  hardness  of  Rc  34.  The  hard  seals  were 
fabricated  from  type  440c  corrosion-resistant  steel  and  had  a  measured  hard¬ 
ness  of  Rc  5Q« 
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A  plot  of  torque  versus  pairs  of  seals  showed  an  almost  straight-line 
relationship  between  the  number  of  sesils  and  the  torque  required  for  seal¬ 
ing.  Six  pairs  of  seals  required  I30  ft. /lbs.  of  torque,  approximately 
three  times  the  torque  required  for  two  pairs  of  seals.  There  was  no  prac¬ 
tical  difference  between  the  torque  required  for  the  soft  seals  and  that 
required  for  the  hard  seals.  However,  the  reported  torque  of  I30  ft. /lbs. 
for  six  pairs  of  rings  sized  for  the  Class  "A"  selector  valve  was  not  con¬ 
sidered  ideal  and  work  was  xmdertaken  to  reduce  torque  below  100  ft. /lbs. 
Four  possibilities  to  reduce  torque  were  noted;  namely,  (a)  reduce  seal 
wedge  angle,  (b)  change  seal  material,  (c)  hold  tighter  cavity  tolerances, 
and  (d)  decrease  seal  cross-section. 

Development  tests  showed  that  reducing  seal  wedge  angle  and  changing 
seal  material  did  not  result  in  a  significant  torque  reduction.  A  complete 
set  of  seals  was  fabricated  and  tested  which  had  the  seal  cross-section 
axial  height  reduced  by  one  third  (from  O.06  to  0.04).  Some  slight  reduc¬ 
tion  in  torque  was  realized.  However,  this  reduction  in  torque  could  not 
be  justified  when  compared  to  the  additional  difficulty  and  expense  of  manu¬ 
facturing  the  thinner  section  to  the  close  dimensions  required.  Seals  with 
the  cross-section  radial  width  reduced  were  not  fabricated  since  a  reduction 
in  seal  radial  width  would  lessen  the  fluid  flow  area  around  the  circumfer¬ 
ence  of  the  valve  to  an  unacceptable  level. 

The  only  change  which  showed  a  worthwhile  reduction  in  torque  was  to 
hold  tighter  seal  cavity  tolerances.  The  allowable  tolerance  was  previ¬ 
ously  0,002  on  the  valve  diameter  and  0.002  on  the  manifold  bore  diameter. 
Torque  tests  Indicated  that  satisfewjtory  sealing  would  be  obtained  with  a 
maximum  of  95  ft. /lbs.  if  the  tolerances  were  reduced  to  0.001.  A  manifold 
bore  diameter  of  1.4600  to  1.4611  end  a  valve  diameter  of  1.2120  to  1.2109 
was  recommended  by  Bendix  and  approved  by  Chance  Vought  for  the  Class  "A" 
4-way  selector  valve. 

After  solving  the  torque  problem  by  reducing  valve  and  housing  bore 
diameter  tolerances,  it  was  decided  to  qualify  440c  seals  but  to  reduce 
hardness  to  Rc  34.  Bendix  completed  fabrication  of  test  blocks  and  seals 
that  were  to  be  used  for  qualification.  Upon  receiving  detail  drawings  of 
the  test  blocks  and  seals,  it  was  noted  that  the  test  blocks  were  not  of 
the  thin-wall  configuration  required  for  qualification.  A  drawing  was  sent 
to  Bendix  showing  changes  required  to  make  their  test  block  acceptable. 

This  change  required  Bendix  to  reduce  their  test  housing  wall  thickness  to 
0.12  inch.  This  change  was  completed  and  qualification  testing  started.  A 
drawing  of  the  Class  "A"  wedge  seals  is  shown  in  Figure  II- 10. 

The  Class  "A"  radial  wedge  seal  satisfactorily  coirpleted  qualification 
tests  in  accordance  with  specification  CVC  246l.  Pictures  of  the  qualified 
parts  and  test  fixture  are  shown  by  Figures  II -11  and  11-12.  The  seals  are 
tested  in  two  units  which  were  fabricated  to  provide  minimm  clearance  tol¬ 
erances  between  the  various  sealing  surfaces.  A  set  of  six  wedge  seals 
installed  in  the  minimtmi  clearance  unit  provided  zero  leakage  sealing  at  a 
hydraulic  pressure  of  6,000  psi  for  a  period  of  5  minutes  with  a  loeding 
torque  of  95  ft. /lbs.  applied  to  the  collar.  A  set  of  six  wedge  seals 
installed  in  the  mai:imura  clearance  unit  provided  zero  leakage  sealing  at  a 
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hydraulic  pressure  of  6,000  psi  for  a  period  of  5  minutes  with  a  loading 
torque  of  100  ft./lhs.  applied  to  the  collar. 


Both  test  units  demonstrated  their  ability  to  withstand  repeated  dis¬ 
assembly  and  re-assembly  without  loss  of  sealing  capacity.  The  only  leak- 
•  age  problems  encountered  during  qualification  testing  occurred  sometime  after 
125<000  impulse  cycles  of  6,000  psi  had  been  imposed  upon  the  seals. 

Both  test  vmits  were  subjected  to  200,000  Impulse  pressure  cycles  at 
temperatures  ranging  from  -65*  to  +450*F.  The  maximum  clearance  assembly 
conformed  to  all  requirements  of  Chance  Vought  Specification  CVC  2461.  How¬ 
ever,  the  minljnura  clearance  unit  leaked  during  the  10,000  psi  burst  pressure 
test.  It  was  determined  that  the  various  sealing  surfaces  of  this  unit  had 
been  damaged  due  to  fretting  corrosion  (see  figure  II- ll). 

Bendlx  recommended  that  the  material  hardness  of  the  wedge  seals  be 
Increased  from  Be  30-35  to  Be  55-^0.  This  improvement  should  significantly 
reduce  the  fretting  corrosion  problem.  Chance  Vought  approved  this  recom¬ 
mendation  and  Bendlx  used  wedge  seals  of  this  hardness  for  the  Class  "C" 
qualification  tests. 

Preliminary  testing  on  the  Class  "C"  wedge  seals  to  determine  torque 
requirements  for  zero  leakage  sealing  at  6,000  psi  l^draullc  pressure  were 
unsuccessful.  The  maximum  clearance  imlt  leaked  profusely  past  all  seals 
when  torqued  to  100  ft. /lbs.  Leakage  flow  started  at  approximately  3>000 
psi  at  the  conparatively  low  rate  of  approximately  Icc  per  minute.  The 
leakage  rate  increased  with  pressiure.  At  approximately  5,000  psi,  a  full 
stream  flow  occurred  past  all  seals.  The  minimum  clearance  iinlt  was  then 
assembled  using  the  same  seals  as  used  in  the  maximum  clearance  unit.  A 
torque  of  100  ft. /lbs.  was  applied  and  each  seal  tested  individually  at 
6,000  psi.  All  six  seals  leaked  profusely  at  6,000  psi.  It  was  noted 
again  that  leakage  rate  was  a  function  of  pressure.  Little,  if  ai:^,  leak¬ 
age  occurred  below  3,000  psi.  The  torque  was  increased  to  l40  ft. /lbs. 


figure:  n-IZ  test  fixture  for  BENpiX  WEDGE  SEALS 
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and  the  test  repeated.  Leakage  was  less,  but-  still  unacdeptable.  '  A  dial 
Indicator  was  set  i©  to  measure  deflection  of  the  cylinder  wall  when  eh 
Internal  pressure  of  6,000  psl  was  applied.  Bendlx  learned  that  the  0.125 
wall  test  housing  being  used  for  the  Class  "C”  wedge  seals  was  emending 
In  an  elliptical  manner  with  as  high  as  0.006  dlaoetrlcea  deflection  In  one 
plane  as  compared  to  approximately  0.003  diametrical  deflection  in  the  other 
plane.  These  high  test  housing  wall  deflections  present  extremely  adverse 
conditions  for  proper  functioning  of  the  radial  seals. 

Bendlx  decided  that  an  increase  In  the  test  housing  wall  thickness  for, 
the  Class  "C  Valve  would  be  required  to  reduce  wall  deflections  to.  an 
acceptable- value.  Calculations  weire  made  by  both  CVC  and  Bendlx  based  on  ‘ 
the  assxunptlon  that  Class  "C"  test  housing  deflections  could  not  exceed 
deflections  that  were  present  In  the  Class  *'A"  test  fixture.  Based  on  thesis 
assumptions,  It  was  determined  that  the  fixture  wall  thickness  must  be 
Increased  from  0.125  to  0.230  inch. 

Qualification  of  the  Class  "C"  wedge  seals  continued  with  new  test  fila¬ 
tures  made  from  17-4PH  (Rc  36-42)  material  with  well  thicknesses  of  0.288 
Inch.  The  Class  "C"  wedge  seals  successfully  met  the  requirements  of 
Specification  CVC  2461.  As  with  the  Class  "A"  seals,  some  leakage  was  evi¬ 
dent  during  proof  and  burst  pressure  tests  eifter  200,000.  pressure  Impulse 
cycles.  Again,  fretting  corrosion  was  evident  but  had  been  significantly 
reduced  over  that  In  Class  "A”  tests  by  increasing  hardness  of  the  wedge 
seals  to  Rc  55-60.  Figure  II-  13  &  l4  may  he  compared  with  that  shown  In 
Figure  II- 11  to  note  difference  in  fretting  corrosion. 

Based  on  qualification  test  results.  It  Is  concluded  that  Bendlx  radial 
wedge  seals  can  be  successfully  used  with  the  Class  "A, "  Class  "B"  and  Class 
"C"  modular  hydraulic,  4-way,  3-po3itlon,  cartrldge-ty]^  selector  valves. 
This  concliislon  is.  further  substantiated  by  their  successful  use  in  the 
qualification  testing  of  the  4-way,  3-position  cartridge  selector  valves. 

In  using  these  seeds,  the  following  installation  data  should  be  adhered  to; 

1.  The  diametred  sealing  surface  finish  of  the  body  and  shuttle 
should  be  l6  RMS  maximum. 

2.  Recommended  torqvie  is  90  to  110  ft. /lbs.  for  six  seal  pairs  ' 
In  series.  Recommended  torque  for  fewer  seals  In  series 
covdd  be  reduced  in  proportion  to  the  nximber  of  seals  to 
approximately  25-30  ft. /lbs.  for  two  pairs  in  series. 

3.  Minimum  housing  wall  thickness  for  the  Class  "A"  seals  Is 
recommended  at  0.120  Inch.  Minimum  housing  wall  thickness 
for  Class  "C"  seals  is  recommended  at  0,218  Inch.  These  wall 
thickness  recommendations  apply  only  to  the  sealed  area.  The 
required  extention  on  each  side  of  the  seal  for  this  thickness 
is  not  known  at  this  time. 

4.  A  thread  lubricant  should  be  used  on  the  seal  loading  parts 
to  minimize  torque  and  to  make  the  sealing  torque  as  consist¬ 
ent  as  possible.  Thread  lubricant  used  in  the  test  units  was 
ELectro-film  No.  2006  coated  to  0,0002  to  0.0004  thickness. 

5.  Normal  handling  precautions  for  any  precision  parts  should  be 
observed  in  order  that  seals  or  other  related  parts  are  not 
scratched  or  damaged  prior  to,  or  during,  installation  or 
removal. 


Figure  13  -  Wear  rings  on  shuttle  of  Class  C  Pendix  Wedge  3eal  Pest 
Fixture  after  Qualification  Testing,  llote  Fretting 
Corrosion. 
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C.  Conclusions: 

Pressure  Engineers'  Hi-Ceal  and  Bendlx  Pacifies*  radial  vedge 
were  developed^  qualified,  and  deemed  ready  for  use  vlth  modular 
conqponents  in  l^e  III  hy^axillc  systems.  The  readiness  of  the 
metallic  seals  is  based  upon  the  following  events: ' 

(1)  During  the  development  program  all  problems  associated  with 
modular  eon^>onent  metallic  seals  were  thoroughly  Investigated  and 
satisfactory  conclusions  obtained. 

(2)  Both  High  Pressxire  Engineers  and  Bendlx  Pacific  successfully 
qualified  their  metallic  seeds  to  Chance  Vought  specifications 

Cve  2461  and  CVC  2464  respectively. 

(3)  Modular  consonant  vendors  developed  auad  coiqpletely  qualified 
their  conponents  using  Hl-Ceals  and  Bendlx  wedge  seals  with  satisfactory 
resxdts. 

Although  satisfactory  seals  are  available  for  modular  hydraulic  - 
usage  the  development  programs  brought  to  light  several  problems  that 
the  Hi-Ceal  and  Bendlx  wedge  seal  did  not  Ideally  satisfy.  !mese 
problems  are  the  excessive  Installation  torqxie  of  some  component s 
caused  by  large  Hl-Ceal  deflection  forces,  noticeable  wear  caused 
by  pressure'  In^ulse  cycles.  Inability  to  reuse  the  Hl-Ceal  without' 
certain  restrictions,  and  the  undesirable  weight  that  results  from 
thick  wall  manifolds  which  are  necessary  to.  keep  wall  deflections  nil 
when  using  the  Class  C  Bendlx  wedge  seals. 
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III,  PACKAOE  DEVELOPMENT 

A.  Introduction 

The  design  approach  to  the  packaging  of  several  hydraulic  conqE>onentB 
In  one  housing,  that  has  been  developed  for  the  nodular  hydraulics  progran, 

Is  new  and  somewhat  uniqtie.  Packaging  techniques  have  been  used  for  many 
years  in  Isolated  applications  but  such  designs  were  especially  tailored  for 
specific  requirements  and  any  attenqpt  to  standardize  the  components  Integrated 
into  these  packages  for  possible  other  uses,  was  not  feasible  or  expedient. 

The  unlq\ieneBe  of  the  modular  approach  Is  that  a  series  of  standard  hydraulic 
components  have  been  developed  which  readily  lend  themselves  to  packaging. 

This  approach  is  depicted  In  Figure  Ill-l. 

B.  Package  Design 

Packaging  two  or  more  hydraulic'  components  Into  a  single  manifold 
has  been  appealing  because  of  the  following  advantages: 

(l)  Reduction  In  space 

(а)  Reduction  in  weight 

(3)  Reduction  In  number  of  system,  parts 

(4)  Less  leak  points 

(3)  Less  maintenance 

(б)  Easier  to  install 

(7)  Reduction  In  spare  parts,  stocking  of  Items,  paperwork,  etc. 

However,  because  of  a  number  of  disadvantages,  pack^lng  aircraft  hydraulic 
systems  has  been  limited  to  very  selective  applications.  The  disadvantages 
of  packaging  are: 

(1)  Defies  standardization 

(2)  Requires  new  design,  development,  testing  and  qualification 

(3)  Requires  more  time  from  concept  to  production 

(4)  Inflexible  design  —  cannot  be  changed  readily 

(5)  Expensive  to  fabricate  in  small  quantities 

(6)  Limitation  on  choice  for  location 

(7)  Greater  risk  dine  to  con5)llcation8  of  new  development 

(8)  Logistics  problem  created  by  non-standard  parts 

In  developing  a  component  design  that  would  lend  Itself  to  packaging 
Chance  Vought  was  concerned  with  maintaining  the  inherent  advantages  of  pack¬ 
aging  mentioned  above,  while  either  eliminating  or  minimizing  the  dlsadvan- 
teiges.  The  two  most  feasible  designs  for  the  modulett'  components  were  deter¬ 
mined  to  be  the  drop-ln  and  the  screw- In  types,  A  compeu'lson  of  the  two  types 
showed  that  the  greatest  benefit  was  derl'ved  from  the  screw-ln  configuration. 
As  a  resvilt  of  early  Investigations,  edl  components  were  designed  as  self- 
contained  screw-in  units.  This  type  component  provides  for  the  retention  of 
all  the  Inherent  advantages  of  packaging  and  has  the  following  effect  on  the 
above-mentioned  disadvantages : 

(1)  .  The  modular  components  are  standard,  which  allows  some  degree 
of  standardization  of  packaging. 
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(2)  Since  modular  components  are  standard  and  have  been  qualified, 
development  testing  and  qualification  of  new  packages  are 
reduced  to  a  minimum. 

(3)  Since  components  are  developed,  the  required  time  from  package 
concept  to  production  is  considerably  reduced. 

(4)  Changes  to  a  packaged  system  still  require  a  penalty;  however, 
by  having  standard  quelified  components  to  use  when  making 
chemges,  the  penalty  is  reduced. 

(5)  The  fabrication  of  packages -in  small  quantities  is  e^^nsive, 
however  sane  cost  saving  is  realized  in  reduced  qualification 
costs. 

(6)  Because  of  initial  design  flexibility  in  packaging  modxilar  com¬ 
ponents,  location  is  not  unduly  penalized.  However,  since 
packages  are  larger  than  individual  components,  space  must  be 
considered  in  the  initial  design  when  locating  a  package. 

(7)  The  risk  of  developing  new  packages  has  been  considerably 
reduced  by  providing  standard  qxiallfied  components. 

(8)  For  the  same  reason,  logistic  problems  will  be  substantially 
reduced. 

C.  Manifold  Design  and  Packaging  Methods 

This  phase  of  the  program  was  concerned  with  developing  reliable 
methods  for  designing  manifolds  and  packaging  of  mod\ilar  components  for  vise 
in’  4,000  psi,  450"?  hydraxilic  systems.  To  accomplish  this  the  following 
studies  were  made: 

(1)  Representative  airplane  systems  were  studied  and  subsystems 
that  could  be  packaged  were  determined.  Based  on  this  study, 
foxu:  hydraulic  test  pewskages,  utilizing  representative  modular 
components, were  designed  and  fabricated.  The  puxpose  of  fabri¬ 
cating  the  packages  was  to  permit  testing  of  modular  conponenta 
in  combination  with  other  modular  components  as  a  supplement  to 
individual  component  qualifications.  In  addition,  package  fab¬ 
rication  allowed  Chance  Vought  to  gain  experience  and  insight 
into  design  requirements  and  fabrication  problems  inherent  in 
packaging  several  modular  components. 

(2)  Techniques  of  servicing  packages  were  studied  and  one  method 
demonstrated  by  package  #5* 

(3)  Methods  that  make  the  manifold  design  easier,  lighter  and  less 
expensive  were  studied.  This  study  Included  such  items  as  the 
use  of  permanent  plugs,  castings  and  forgings. 
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(4)  Means  of  locking  modular  valves  In  manifold  cavities  were 
studied  and  an  acceptable  method  determined. 

(5)  Use  of  thread  lubricants  was  studied  to  help  reduce  high  com¬ 
ponent  insteillatlon  torques  caused  by  the  high  force  required 
to  deflect  metallic  seals. 

(6)  Based  on  the  above  studies,  a  proposed  military  specification 
was  prepared  and  titled  "General  ^ecificatlon  for  the  Packag¬ 
ing  of  Modular  Ifydraulic  Components."  This  specification  is 
included  as  Appendix  III-l.  The  specification  contains  infor¬ 
mation  about  designing  manifolds,  testing  manifolds  and  testing 
packages;  and  is  one  of  the  important  end  products  of  the  pack¬ 
aging  studies. 

Detailed  results  of  the  studies  are  discussed  in  the  following  paragraphs. 

Package  #1  -  The  first  manifold  was  designed  to  simulate  an  arresting 
gear  control  package.  Figure  III-2  shows  the  schematic  of  the  system  and 
denotes  the  modiilar  con^onents  that  are  used.  CVS-54175  shows  the  detail 
design  of  the  manifold  and  Figures  III-3  and  III-4  show  the  finished  product. 
This  manifold  was  designed  such  that  it  could  be  made  as  a  casting  or  forging 
so  that  maximum  weight  could  be  saved.  However,  it  was  metchined  from  forged 
titanium  (6aL-4v)  bar  stock  because  of  high  costs  involved  in  castirxg  or  forg¬ 
ing  a  single  unit.  Titanium  was  chosen  to  demonstrate  a  minimum  weight  mani¬ 
fold  and  to  investigate  performance  of  titanium  as  a  manifold  material.  Both 
male  and  femede  ports  were  utilized  on  the  manifold  design  for  test  purposes. 

No  problems  were  encountered  in  the  machining  of  the 
titanium  in  respect  to  holding  close  tolerances  and  the  finishes 

required  for  the  seal  grooves.  Boring  the  larger  size  cavities  for  the 
vedves  caused  some  tool  sprlngback,  but  keeping  the  cutting  tools  sharp  and 
using  a  lot  of  coolant  resulted  in  dimensions  within  tolerance  (i.e., 

on  diameters  and  0.002  FIR  on  concentricities)  with  a  minimum  of  effort I 
Profile  milling  caused  some  difficulty  as  evidenced  by  chatter  and  tool  marks 
on  the  outside  surface.  The  part  was  X-rayed  and  there  were  no  visible 
defects. 

The  manifold  successfully  withstood  proof  pressure  of 
6,000  psl  at  450"P,  and  was  then  tested  in  accordance  with  Chance  Vought 
specification  AER-AV0-53720-0-l8l  (see  Appendix  III-2).  A  summary  of  the 
#1  package  test  results  is  given  in  Appendix  III-6.  It  will  be  noted  that 
some  troubles  were  epxerienced  with  the  selector  vedves  and  restrictor;  how¬ 
ever,  later  valve  improvements  eliminated  these  problems.  Sli^t  wear  marks 
were  noted  on  the  cavity  of  Hi-Ceal  seats  but  not  enough  to  cause  leakage. 

No  problems  were  experienced  with  either  installing  or  removing  the  compon¬ 
ents.  From  Chance  Vought 's  experience  with  this  package,  the  design  was  very 
satisfactory,  and  the  6a1-4v  titanivun  material  performed  well.  However,  teat 
results  were  not  conclusive  in  establishing  the  wear  properties  of  titanium 
as  a  Hl-Ceal  seat  material  because  the  package  was  not  subjected  to  pressiure 
impulse  tests.  It  is  the  opinion  of  Chance  Vought  (see  discussion  of  titan¬ 
ium  in  Part  IV  -  Materials)  that  cavity  seat  wear  during  pressure  Impulse 
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cycling  will  be  mucb  wore  severe  with  titanium  than  with  stainless  stetfl.  To 
establish  an  endurance  limit  of  titanium  alloys  further  testing  is  required. 

A  considerable  weight  saving  was  achieved  vising  titanium 
in  lieu  of  stainless  steel.  Vail  thicknesses  for  both  materials  would  have 
to  be  0.10  minimum,  due  to  fabrication  considerations.  As  a  result,  the 
titanium  manifold  weighed  0.68  pounds  in  contrast  to  1.20  pounds  if  it  had 
been  made  of  stainless  steel. 

Package  #2  -  Package  is  a  packaged  sujtuator  design  which  utillsaes 
modular  valves  that  are  often  associated  with  actuator  operation.  A  schematic 
of  the  package  is  .shown  in  Figure  III-5»  DetedLl  drawings  of  the  end  cap  and 
the  actuator  assembly  are  shown  oh  drawings  CVS-5^5^3  and  CVS-5^5^2,  respec¬ 
tively.  Pictures  of  the  finished  product  are  shown  in  Figures  III-6,  III-7 
and  III-8. 


Four  basic  configurations  evolved  from  preliminary  layout 
work  done  on  this  package.  These  configurations  are  shown  and  briefly  dis¬ 
cussed  in  Figures  III-9,  III-IO,  III-ll  and  III-12.  It  was  considered  advan¬ 
tageous  to  design  a  manifolded  end  cap  to  be  removable  from  the  cylinder  ^ 
barrel,  since  this  reduces  cost  of  the  manifold  and  facilitates  testing. 

All  the  manifold  configurations  except  Figure  III-12  indi¬ 
cated  that  the  cylinder  bore  diameter  should  not  be  less  than  approximately 
2  Inches,  This  limitation  was  caused  by  the  physical  interference  of  the 
valves  and  by  the  off-set  drilling  required  for  internal  porting.  Most  of  the 
manifold  designs  required  at  least  one  externa],  plug  to  plvig  connecting  pass¬ 
ages  between  valves.  The  "Lee  plug"  was  selected  for  this  purpose  and  per¬ 
formed  satisfactorily.  It  is  discussed  in  later  paragraphs.  It  can  be  seen 
that  valves  located  to  give  good  accessibility  in  an  actual  airframe  installa- 
tl6n  usually  result  in  a  little  heavier  Installation,  This  is  because  the 
components  cannot  be  oriented  to  take  advantage  of  maximum  weight  removal. 

All  major  parts  of  the  actuator  are  of  17-4PH  stainless 
steel.  The  original  design  concept  showed  a  chromium-plated  piston  and  rod 
sliding  on  an  electro-less  nickel-plated  barrel.  The  nickel  plate  was  to  have 
provided  high  wear  resistance  and  reasonable  frictional  qualities.  However, , 
further  investigation  revealed  that  chromium  rubbing  on  electroless  nickel 
plate  without  the  benefit  of  a  good  lubricant  resulted  in  a  coefficient  of  ■ 
friction  of  0.43.  Therefore,  it  was  decided  to  use  a  chromium-plated  piston 
and  rod  in  combination  with  bare  17-4PH  stainless  steel  for  the  barrel.  This 
gives  a  coefficient  of  friction  of  approximately  O.I9  to  0,23  but  will  reduce 
the  life  of  the  actuator  considerably  due  to  the  relative  softness  of  the 
stainless  steel  in  comparison  with  nickel  plate.  As  a  comparison,  17-4PH  has 
a  hai’dness  of  Rc  4o/46,  electroless  nickel  plate  Rc  JO,  and  hard  anodized 
aluminum  Rc  50/58. 


Samples  of  improved  Viton  0-rings  were  procured  for  use  in 
package  jf2  actuator  from  Parker  Seal  Company,  Linear,  Inc.,  and  Precision 
Rubber  Products,  All  three  seal  manufacturers  indicated  that  they  felt  these 
O-rlngs  woTild  be  satisfactory.  Chance  Vought’s  ejqperience  with  these  viton 
piston  and  rod  O-rings  was  that  they  performed  veiy  satisfactorily  from  room 
teniperature  to  450*F.  While  operating  at  450“P,  they  would  take  a  permanent 
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CVS-54542-1  modular  hydraulic  actuator  with  end  cap  manifold  assy,  package 

#2,  4  GPM,  3  MODULES- (PRESSURE  RELIEF  VALVE,  ONE-WAY  RESTRICTOR 
&  SHUTTLE  VALVE) . 
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PIOURB  III-9 
COHBTOURATION  "A" 


Valve  Installation  between  actuator  attach  lug  and  barrel  —  this  configura¬ 
tion  results  in  a  minimum  space  requirement  in  the  lug  area  but  will  lengthen 
the  actuators  considerably.  Since  the  vaitea  are  installed  on  three  faces  of 
the  cap,  accessibility  would  be  limited  in  an  actual  installation.  Minimum 
weight  is  achieved  since  a  large  percentage  of  material  around  the  valves  can 
be  removed.  As  in  most  of  the  manifolded  designs,  the  configuration  lends 
Itself  toward  casting  or  forging.  Since  the  actuator  loads  flow  around  the 
valve  cavities,  stress  concentrations  and/or  sealing  problems  may  be  encount¬ 
ered. 
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nOURE  III-IO 
CONFIGURATION  "B" 


Valve  installation  In  lug  area^  l.e.^  between  and  along  side  of  Itigs  — 
this  configuration  is  similar  to  "A"  in  respect  to  space;*  length  of  actuator 
and  weight.  Maintenance  would  be  poor  since  the  actuator  would  have  to  be 
disconnected  to  remove  one  of  the  valves. 


FIGURE  III-ll 


CONFIGURATION  "C" 


Vadves  mounted  longitudinally  around  periphery  of  end  cap  —  this  configura¬ 
tion  results  in  a  maximum  space  rec[uireraent  but  has  no  effect  on  the  length 
of  the  ewtuator.  Maintenance  is  simplified  by  removing  all  valves  in  the 
same  direction.  The  design  is  heavy  since  material  between  barrel  and  valve 
cavities  cannot  be  machined  down  to  a  minimum. 


FIGURE  III-12 


CONFIGURATION  "D" 


Valves  installed  in  a  "block"  of  material  along  the  side  and  integral  with 
the  actuator  barrel  —  this  configuration  requires  a  maximum  of  space 
although  the  end  view  is  narrow.  Maintenance  is  fair  with  the  valves  remov¬ 
able  from  the  same  general  area.  Weight  cannot  be  readily  removed  from 
around  the  valves,  making  the  design  very  heavy. 
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set^  then  when  cooled  to  -20°F  and  with  pressures  "below  500  psi  "they  would 
leak.  As  pressure  built  up  at  -20°?,  say  between  1,000  and  4,000  psi,  leak¬ 
age  would  cease.  For  the  purpose  of  performing  tests  in  accordance  with 
Chance  "Vou^t  specification  AEIR-AVO-53720-0-182  (see  Appendix  III-2),  the 
Viton  seals  were  very  satisfactory. 

The  results  of  the  tests  performed  on  package  =§2  in  accord¬ 
ance  with  specification  AER-AVO-53720-0-182  are  included  in  Appendix  III-6. 

Some  trouble  was  experienced  with  the  relief  valve  operation;  however,  this 
valve  performed  in  the  same  manner  before  being  subjected  to  the  package  test. 
It  was  concluded  that  the  interaction  of  the  valves  in  this  package  had  no 
effect  on  each  other's  performance. 

One  failxire  that  occurred  when  testing  #2  package  was 
the  inability  to  affect  a  seal  between  the  bolted  on  end  cap  and  the  barrel  at 
pressures  above  5*^00  Psi.  A  Hi-Ceal  is  used  in  this  application,  as  shown  on 
Chance  "Vought  drawing  CVS-54542.  The  joint  sealed  at  4000  psi,  "began  to  seep 
at  5000  psi  and  leaked  badly  at  6000  psi.  This  failure  was  attributed  to 
slight  separation  of  the  two  cavity  sealing  faces  under  hi^  pressure  and  the 
Inability  of  the  Hi-Ceal  to  tolerate  this  movement.  From  Hi-Ceal  tests  it  was 
observed  that  a  high  meclianical  force  between  the  Hi-Ceal  and  the  cavity  seats 
resulted  in  more  reliable  sealing.  Therefore,  from  Hi-Ceal  springback  curves 
it  can  be  seen  that  a  slight  separation  of  the  cavity  seats,  even  .0005  inches, 
will  reduce  the  force  between  the  Hi-Ceal  and  cavity  seat  to  approximately  one- 
half  the  original.  This  force  reduction  is  enou^  to  cause  leakage  problems. 

From  a  strength  standpoint  the  joint  possessed  adequate 
strength  to  withstand  the  required  10,000  psi  burst  pressxure.  However,  not 
enough  consideration  was  given  to  eliminating  the  deflection  between  the  two 
cavity  sealing  surfaces.  Because  the  Hi-Ceal  can  not  tolerate  seat  movement, 
deflection  becomes  the  critical  design  criteria  in  a  bolted  together  face  joint; 
and,  to  eliminate  deflections  the  parts  must  be  beefed  up  beyond  that  required 
for  stress  considerations.  Indeed,  when  sealing  is  required  between  bolted 
together  faces  where  high  loads  result  from  proof  and  impulse  pressures  of  6000 
psi,  the  elimination  of  deflection  between  the  cavity  seats  will  be  difficult. 
The  deflection  not  only  reduces  sealing  reliability  but  diu-ing  pressure  impulse 
cycling  may  cause  a  Hi-Ceal  fatigue  failure  (see  section  II).  The  CVS-55240 
ball  joint  actuator  design  (See  Part  III)  utilized  a  screw  in  type  end  cap  with 
a  Hi-Ceal  seal.  Meikage  at  this  joint  was  zero.  It  is  also  pointed  out  that 
sealing  of  the  screw  in  type  modular  components  was  very  satisfactory.  Based 
on  the  above  considerations  it  is  recommended  that  the  designer  use  screw  in 
type  end  cap  installations  rather  than  bolt  together  types  whenever  possible. 

I 

Another  disturbing  result  attributed  to  this  design  is  the 
somewhat  high  pressure  drops  measiured  in  the  free  flow  direction.  Test  re¬ 
sults  show  that  4  GPM  flow  from  C^  to  (refer  to  Figure  2  in  AER-AVO-537i20- 
0-182)  resixlted  in  pressure  drops  of  l,l8o  psi  at  -20"P,  470  psi  at  90"?  and 
24o  psi  at  450*F.  These  pressure  drops  are  attributed  to  the  complex  flow 
direction  the  oil  must  take  to  get  from  C^  to  C^.  Unless  the  designer  takes 
care  in  the  initial  design  of  the  manifold,  he  is  likely  to  end  up  with 
more  pressure  drop  than  the  system  can  tolerate. 


Package  #3  -  This  package  was  originally  planned  to  simulate  a  landing 
gear  type  actuator.  The  package  was  to  consist  of  a  Class  B  shuttle  valve, 
a  priority  valve,  and  a  face-mounted  control  valve  in  conjunction  with  a 
ball-joint  type  actuator.  This  package  was  cancelled  because  the  ball  Joint 
type  actuator  was  being  pursued  imder  the  "fluid-carrying  structure"  program 
(see  Part  II),  and  because  the  other  valves  could  be  demonstrated  in  other 
peickages. 

Package  #4  -r  Package  #4  was  designed  to  simulate  a  wing-fold  circuit. 

A  schematic  of  the  package  is  shown  in  Figure  III-13*  It  will  be  noted  that 
some  liberties  were  taken  in  the  selection  of  valves  in  order  to  demonstrate 
more  different  types  and  to  show  a  package  which  utilizes  five  modular  com¬ 
ponents.  Actually  the  pressure-operated  shut-off  woiild  not  be  req.uired  euid 
another  solenoid-operated  sequence  would  be  a  better  choice  than  the  prior¬ 
ity  valve  for  sequencing.  Detail  design  of  the  manifold  is  shown  in  CVS- 
54926.  Pictures  of  the  finished  product  are  shown  in  Figures  III-14  through 
III- 16. 


In  order  to  simulate  ein  airframe  design  condition,  this 
package  was  designed  to  fit  into  a  rather  confined  space  envelope  that  is 
defined  by  the  system  demonstrator  frame  6ind  the  proposed  tube  routing. 

Later  in  the  program  the  system  demonstrator  which  was  part  of  Phase  III, was 
dropped.  With  the  space  envelope,  the  system  schematic  and  required  port 
orientation  thus  defined  for  package  #4,  location  of  the  modular  valves  for 
optimum  manifold  design  became  a  matter,  of  .form  follows  function.  The  only 
problems  encountered  were  in  refining  the  design  for  minimiun  weight  and  ease 
of  manvifacture.  The  shape  of  the  modular  valves  and  the  fact  that  five  valves 
were  packaged  in  a  "minimiun"  weight  manifold  required  that  the  manifold  take 
a  rather  con5)lex  shape.  The  trend,  as  observed  In  the  design  of  packages 
#4,  and  is  that  manifolds  will  lend  themselves,  more  to  being  oast 
rather  than  forged.  The  complex  external  shape  represents  a  particularly 
tough  hog-out  problem. 

The  fabrication  process  was  followed  closely  by  Engineer¬ 
ing  to  gain  experience  with  (a)  fabrication  problems  of  17-4PH  material  and 
(b)  raeujhinlng  techniques  employed  on  a  complex  manifold  shape.  Two  simple 
observations  were  made:  No  problems  were  encountered  in  the  machining  of 
17-4ph  and  the  cost  of  machining  a  complex  manifold  shape  was  excessive. 
Certainly  castings  should  be  used  for  production  parts.  Refer  to  page  96 
for  the  discussion  on  castings  and  cost. 

Package  fk  was  to  be  tested  in  accordance  with  Chance 
Vought  specification  AER-AVO-53720-0-183  (see  Appendix  III-2).  However,  due 
to  the  cancellation  of  the  pressure-operated  shut-off  valve,  the  package  was 
not  tested  per  the  test  specification.  Proof  pressure  and  external  leakage 
testa  were  performed  and  were  satisfactory. 


-SOLENOID  OPERATED 
SEQUENCE  VALVE 


4  WAY  -3  POSITION 
SELECTOR  VALVE  -  - 
CARTRIDGE  TYPE 


•PRESSURE  OPERATED 
SHUT-OPF  VALVE 


RETURN 


PRESSURE 


WING  FOLD  CIRCUIT 


FIGURE  III-13 
HYDRAUUC  SCHEMATIC 
PACKAGE  #4 


& 


/  V 


'PORT  RCR  DLTAIL  Z 
DRILL  i  lOiRCf)  O&CF 


s4-r5 


-  DfciLL  Ht  tOliejA^  S-OWM 


I 

I 


SECTION  .87 


•  VjA  ■  7L  LCtP'  -  - 

;:l  »k0*<  » 

I - li  UMP  - 3 & -ClV^ 

^C,C  MlL-^  n4Z 
303  PiR 

c^ss'f}  '  cf»-  ^._ 

epArtO  s/ft/T-ofi-r  ■es’F) 


ss-.*. 


•  ■>  .Ak  L'A 


J 


.PA 

jircr 


rTTT^‘'i‘7r 

!  I  1  *- 

I  I.SMtt)  ' - 

t.iai(«r)T 

U5%  I  . 


L 


ltRil.U  ( I 


T  ' 
'95 


r"4, 


I  ^ 

-.J 


'N’xit:’**  .-^Sc  oM  FIR 

Thft  fSlo  a' 

t.A' 


Diq’5 


V^'  '"  1-.-  t'< 

'  I  .UftC'A  1j!L  ., 

'  fcSA'ffi  t3?/  i- 

eRaottt'’- 


23IR*i 


1  V. 


j 


oi*':?kfTYp  A  puas: 

JAWtJ^CiA 

TwEtE  CiyR  &f»TuS  -■}Ax^F.R 

iooe:..<a 


B-.tiv  •w.-wu-it 
nKtf  :.:^2 

v'.v'L 


SfcA^-*TO2iL.A  «  'flJE-EEf 
CtV;  I  :’  <  WO  ti)*. 

%-i6  jur-*t»-;nb  "^3 1  IF 

•-LLC  M11.-0  7f4i 

ciUss  A  rHtMMMi.  rfurA"  (Mt> 


'k«:L  T.v''- 


'Eicoz  F«R 


1 


,K^5-  t'A^it^  H-iE'.wf  t4)c««  , 

C*i'tt^'0l3Tj  i.-'-a  ftO  0«3w»4  ‘ 


CR-LU  )5;i'3J3?;  ’’■mU'J  c»j£  WAU  a:  iwjvilj 


«  (A  vki.  TAiO  fWWs^WT  ) 


C»  VI.  %t  ( 


(’^4' 


BcAsc  r,‘ 


•SElCTior^ 


1 


4 


Utt  7'LiliOH  L 


l$^P¥AV  ///  -  -  f — ^ 

jrf-cr  jv  f-ej-r;  — . 


j  4  :m. 


rTT'S! 

i  - 


..p  easi 

MSMt^iSci*  «l.«ltS8!tl«P - ■>  _-_lj.j  — J 

c»K.  IIQP«1  SI  d;a_  '.,  i  /  I 

: - 1  “  ‘ 

soirnoip  avr-  \  '  .'  T"  '  — *j  *  i  s4(miiJ  resrsa  Tm») 

^rra  srtiLftMcr  vm^f  (kcf)  ■- i  '  .  70 

N'  I  — K -Win. 


drill  '’4*!e45t)  AS  JH3WM  S^OO'T^ff  see.^-'. 
T  ’  ■  1  i 


T  ^  ‘ 


i 


.01.  i  'Soti-oaoOiA 

i,‘j  “X  -'Wi-  .  -  j  I 


(^.fDRrLL  (  Wia)  A  t  DELP- 


-1  1 

-4. 

•IR  V 

..-'t 

■  [  PA'j  - 

-P(  • 

RORT  PEP  DETAIL  Z.  - 
DRILL  %(2&I2;'  K 

£  5a(RtF)  DEEP 

^6-8  J 

PORT  PtR  DETAIL  Z  I^VP  4-  Pi.AiE$T 


t»ill’/Slk5S35(TMIiiJ  . 


-  -  ’M  -: 

I  i-ES  •,  ; 


-DiiiLL  “Ai  ssisi^  1  sat5^  OCtPiA^ 


■'ll  |t^ 


®  -  a 


7*'  N 


-  ffc,  ^1)9  - 

r'it?  L,  -'  -I  MOtOOS 

-7  [-20  DR»a 'Wl'28a;  »  I 

;  i*  >  aCVDR  TO  aE,:T  ow  IS-B 

' — ~i  !*’  ’ 

*  _iv^r4^.R^iL 


E'Lu  ^i^,'fl?8:.TaR.jl  ITYP) 


4m  •'-•} 


1  -  ,. 

5-.»6F^ 

S3 


»:4DiA-  - - -  ‘-•'t 


1 


t’fii'H.  BfaiitJ  THRO  •  -•' 

TVP  3  PiAlCt 


4iP  TYP4Pt.ACCl 
'.,  •  ►  >4.3DiAmcri 


■  -.-.-44_j®)'7-- 1  * 

DPt^u /U'ek%)«  2*>:ol'-EE.P  ■  >  !  1  ' 

REFER  TO  itCTtOM  4  C  I  U  ’  ; 

».36  fPgfi  - . M  C4  J 


,  J-  i 


I  -  iii  -  ■  CRiLL  %2  UBit)  •  I  40!§^  DEEP  5^1  ; 

*r  3  20  -  - 


.8  -T  M 

.I9>i  (^if)  —  ♦ 


P/A  *  03  rffP  COtfV  -'.K 

-^e-eap^ir-^  03  eorre/e  19 


-  Wiu  ?|«  r  281EJ  »  I  at!^  DEEP  A^ 


A4  1 

-  AC  — i 
p-  acTiV^o  «] 
e  ?.Sfe 

2 -as  '  -H 


-  *o';-c..T‘i 


;A44^«so^l:'A  •  •^OCSF 
rt  «6  t>A 

W  ^ ■  'B  -’Pf  -JC*- 1  i  lb  W  » ‘P 

'LuC  W.fc  i 

iTtW  A  ftLiF^  Wf^'i 


—  'l6CiA 
—*  *lOtiA 
-"t  C'A 


••t  5.  T.V-,  rm 


I  t  , 

'  I  '/ 

lAT'xi  I 

.  .'T"'  A5  :.->AW  ,;%  ~ 

SK.,  *  Tj^U  i  i^^4t  WA^L  a:  Sh:v.M  1  -, 


W'vrr 


i  L-i-U-f;  T  -K, 
_ ^  i;  -  1  <. 


H 

•  C»  T 


*^05) 

V; 


~A7  I'jv- 

CR  wL  h\  Thro  - 


tUx...  I 

5<.  -.-I  I 

tf  ^1  /  -^  j 

-,:a5  iJ 


I  !  f  (»t  D-A 

"^■^b  -* 

'  48  D^A  'RCFj 


442  ;  I 

3» 


-' 0«49r4S8i  DlA  (§^ 

E'St  iiO*  *  \  .tD  DJA 

Iffe*  aNEFOB  '''•^TC  .002-  MR 

:PEC  M’*.-&-77A2 

i:t.Ass'fi  *mf3Aas  vAit/e  -etA-) 


nfcR  ,  I 

Ul  ■■  4  2551010 


I  5  . 


t'Wvr  I  etr)  ^  ^  . 

('d'l  (o\ 

-  -  i  •  ;  o.-^  •  ^  , 

~''-  T'  -'d’  ' 

■ssiR-tfi  .  '/JIMMiir 


fcr*4M  45  *  C  04.CCS  - 


'Gbasl 

— .  -'t  4C.6!.5'^jo  OiA  ,^G  i03  P'W 


TfeiijE  Three  ’^jitaces  - 
E,  002  F»R  SURFACE 
iTrjfdHtS  '‘V 


—  kU'. 

-  C23Rtr 

-  E29V^ 

JV'! 


sect .  y,  (., 


I  k90  CIA 


'■*8 

(,ct  stcriotj 

.szuftim 


-  <i4  e 

6'  K;Er) 


(Cy.  \E.CT|0W 


^  ^  ■'.XK.  ;RU ) 


.ti.)  AS  SH3VM 

/ 

«  '2£'A 
OoOIA 


■  LD8J 

P'tRDtTAluZ  - 

step 


ffeefiK'*  TVF- 


■•  T — T 


I 


►—•  ? 

♦ 


I 


NiOTt‘-3‘ 

i  efiJ.Ak.  Ai-U  5>^HP  ^wts 

a  AI-U  r-utT  RAO'.  'SR  'jNUEtf  OTH^Rwra.  NC»TtO 

3  SVHloa©  f*r  r.-ii  ■.C'.iilNf'l  Mt 

mfftt'  iR»  it  llAC£«'  .*  "Wl  ia»lS 

4  AUU  ‘•ViCWiMEO  :uBFA;E*-  l-XCETT  AS 
L  ^  JM.r  Tv  ^'I'CRaTE  w’TM  MlQ*  MSCs."* 

«  ^JfERATiKjji  PREt'S^RE  ACOOFvv, 

f  ■  r-*£RAf.M^,  T&MprUATURE.-  ‘w'j'r  TC.  4!v  ‘'tU-D 

i*"o’  AN'pitu’r 

H  A&t  TC  '•.•:>-^vs,f,wv  iAO-C+-  r.  -.*  S  T!-.'! 

PER  5C£:  wVAi-Jfi 


5E.CTION  Lee. 


j£CTIOM  Jnl.°lnlj  C6 


C18fe-'KF> 


*•  .44  U 


SE.CTIOM 


C6  B7 


03  R  >4  I'^tEK  TV»-* 


-  *14  s«F>  wei 

IR-wU  K  FiR 

i»J*TA,.u  ■^.‘4  f-wJ^  K.^  4S 


vA  Tff-  -4  — 
.ATfR  -  — 


/Vi 


C,CF  UUiON  L*L 


1  S'*?^  UER 

4 

.  Ai-’.*n1B)TURv> 'T^P) 


»/A  *  dS  Cff*'  tf(5W 

carr^iT  H 


<»3  wr.F, 

<3  *3;  '* 

83 


r  *  i.Af-*  yiLw  ■»  -•  X 
;yTS  L».  '•  .  F  ■■V.‘  a  'o, 
»4  H  AWC  .  •. 


R-tAM  i 
'A  w.  e 
Scr.\.w  ' 


immt  m  nmmt  mt  ••«>  m  t>»nm  mjkmff,  **! 


f'orx  '.tCTlOKl  l:L;-3Cf« 


^  I  4 


MOTE.  5- 

t  AU.  SmARF»  isac.? 

e  Au,  F-oiT  »AC'.  .iSa  .'‘T^^J:«W^bt  note.© 

4  'CIN'ri|ltt;«f*.(^  '<«  'CUMlIf'J  i«C  ^FCtl 

w^'ii  twm  ;«<■»•«?  ^^'Rrjt.u 
AM  >r»i»Miitc  e«  ifivti'  (k  'wi  itnt« 

4.  £5^  AW^  VACwiMtP  t.XV.EFT  AS  Ki:!VED 

C  -ui  JW.T  T3  ?t>ERATE  W«TM  «uO*eioO 
»  OPERAT  Nj  PRtV.Sjr^t  40COP5^t 
7  y->£RAT  iJ-S  T&VPERATUfct.  -teV*?  T©  m'u  *U!>P 

Ti  AMP.£^i^ 

s  A4t  Tc  :.4o-c>u  '*%).yy.  p. 

PER  £?EC  wVAI-i7i 


A|  '  v.j',  j3/ 

i?- 4, 4  jT,  4-4’.  4-4,  4*4  C-  4.  •  w*7 

J  ‘9a  Oifrf£^£  n'44  4..*  -44 

s  \a-'  a^f'Vsic.w  »V44 

4  .44  4.vf/-V4'<7A'  .<VA-3  -  *? 

f  43  ^se  Aczrc  -  S’* 

jL  ■/#  j-^arr/fcr"  4.:v4J'  »*  4*2 

-  tv»W/4  -*<■/' ”<45 

.•t  ./^C  W4S  .44  «  iSFCr  J’J}  r«^i 

4.  ?■»  <?/A?i^V5/4A'  Z7  3-9f. 

•J  W4..’' -SFC'^  P‘D  4‘-4i 

^6j  W’45  4-2  JCw'-  rv 


caw  ti'FlEK  'HPi 


WtAM  -"JV/- $Ji|K  44  £iriU£P 
’  ;  CR‘-L  \  .3'i'.  '  tj>G  coi  FiP 

I**  -  J*4*TA.l.  •s.U  fLji  M  45 


oqx/r-*  — 
.«4TyF  -  • 


^  l 


-,iiL0N  „,,“i.  B3 


:uTs  if.  ••  r.  .m:  -  '.», 

U  H  AMt  .  •« 


'5o.'.  ,*  “i  < 

rti  ww  -g  ‘ '  I  ’  '  f  '  4.  ■ 

•yaTAi.1.  P  •■*  Ft.'j  s'j,  U< 


4 

"m  j 


'  ✓ 

•  ^*y-i  A 

"  ■■ 

’\.'\  ' 


i  c-^.  fl3C  SPOfeA-.t  ^i; 


.’“4R‘  ‘Tit  --►.•aO’'.  'l^-K 


;LCTi3'J  ,'- ,"i\ 


r  i*  *  t£vs 

«•  2S  ©lA 

i.F  ?e, ..  F 

•■'•  t'U 

A  V)tiVS  '<*«•*■} 


.^  C?  •  A 
42  '  I  S' 


vai.  CS^C.  r  ri  *  *•-- t-*  ..  w  •)'63  »j«3 

■  .r  -  •'•AF.’P.'fcO  -  —  v 


-^ipcj4  I  “jio  ‘at* 

r  '1 . .  . 


••  Pj..; 


14-4-4-1- 


;  4:t 


^  t  I  t  i  *  *  j^*'*'3^|{«W2r3r  vi5jiif  Af2>‘r 

*  *  A  4  '  t-  f  t-  .  X  .  r>0ct^o04‘t»  04..4t  urMt  r\f^ 


. Iril'n:' !  ' 

*'■■''  1  -**•* 

-wt 

r.:AhjiFOLo 

.  *?* 

r  \/*-  .  z,A  r\  :  ; 

«  V.  J  ‘A-  J  L- 

rngm 

MODULAR  HYDRAULIC  MANIFOLD  FOR  PACKAGE  FOR  USE  WITH  THERMAL 
RELIEF,  PRIORITY,  PRESSURE  -  OPERATED  SHUT-OFF,  SOLENOID  OPERATED 
SEQUENCE  AND  )|W-3P  CONTROL  VALVES. 


.  Package  §3  >■  This  package  consists  of  two  manifolds  face-mounted  to¬ 
gether.  tVhen  separated^  there  are  four  common  open  ports  in  each  manifold 
vrhich  would  normally  cause  loss  of  fluid  and  system  shut-down  until  re¬ 
assembly.  This  package  employs  an  automatic  shut-off  feature  in  each 
exposed  port,  permitting  separation  of  the  two  manifolds  with  no  appreciable 
loss  in  fluid  and  allowing  system  operation  to  continue  while  the  /Z?  package 
removable  manifold  is  removed.  This  design  illustrates  an  approach  to  pack¬ 
age  removal  without  appreciable  loss  of  fluid  as  well  as  demonstrating  a  ser¬ 
vicing  approach.  Standby  packages  could  replace  malfunctioning  packages. 

A  schematic  of  the  package  is  shown  in  Figure  III-I7.. 
Detail  design  of  the  manifolds  are  sho™  in  CVS-5^9^3  and  CVS-5k944.  Draw¬ 
ings  of  the  detail  parts  are  included  in  Appendix  III-Y*  Pictures  of  the 
finished  product  are  shown  in  Figures  III-lQ  through  III-23-. 

Both  manifolds  of  package  //5  definitely  lend  themselves  to 
casting  rather  than  forgings  or  machine  hog-outs.  It  is  felt  that  invest-  • 
raent  castings  of  the  wax  or  mercury  process  will  be  practical  for  production 
quantities.  Attempts  were  made  to  design  if?  package  in  such  a  way  as  to 
readily  produce  the  manifolds  by  machine  hog-out  or  forging.  But  in  every 
case,  the  package  became  much  heavier  and  less  compact  than  when  the  config¬ 
uration  was  designed  as  a  casting.  As  in  package  fh  the  trend  is  that  when 
grouping  three  or  more  modular  valves  a  casting  is  the  best  approach.  Al¬ 
though  CVS-5^9^3  was  designed  as  a  casting,  it  was  completely  machined 
because  of  the  prohibitive  cost  of . a  single  casting  (see  discussion  on  page 
97  ).  The  machining  job  on  this  package  was  done  by  Bllanef  Machine  Tool 

Company,  97-11  —  50th  Avenue,  Coroha  68,  New  York.  All  the  other  manifolds 
were  machined  by  Chance  Vought, 

'  -  The  results  of  the  tests  performed  on  package  #5  in  accord¬ 

ance  with  specification  AER-AVO-53720-0-184  (see  Appendix  III-2)  are  in¬ 
cluded  in  Appendix  III-6.  One  outstanding  deficiency  of  the  design  was 
noted  when  pressure  .was  applied  to  the  complete  package.  Leakage  occurred 
at  the  seals  between  the  two  manifolds.  With  the  bolts  across  this  joint 
torqued  to  their  maximum  value,  seepage  occurred  at  50O  psi  and  leakage  was 
profuse  at  2,000  psi.  The  Hi-Ceals  were  replaced  with  elastomer  0-rings 
and  there  was  no. leakage  wheij  pressure  was  applied.  However,  measurements 
showed  that  the  faces  were  parting  as  much  as  0.00k  inches  with  4,000  psi 
applied  to  the  manifolds  and  recommended  torque  applied  to  the  bolts.  Since 
it  has  been  learned  that  metallic  seals  cannot  tolerate  movement  of  the  seal 
seating  surfaces,  both  from  a  fatigue  and  leakage  standpoint,  it  must  be 
concluded  that  the  design  was  inadequate.  The  tests  were  completed  on 
package  with  0-rings  replacing  the  metallie  seals  between  the  two  manifolds. 
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Manifold  Castings  -  At  the  outset  of  the  modular  hydraulic  program^  the 
exact  configuration  of  the  manifolds  to  be  required  for  the  test  packages  was 
not  Icnown.  Casting,  forging  and  hog-out  configurations  were  considered  as 
well  as  the  type  of  material  which  would  be  most  advantageous.  Since  that 
time,  it  has  become  evident  that  investment  cast  manifolds  are  decidedly 
superior  to  any  other  method  of  fabrication  where  a  sizeable  number  of  mani¬ 
folds  are  involved.  Figure  III-2k,  below,  is  a  guide  which  shows  when  it  is 
profitable  to  either  hog-out  or  cast  manifolds. 
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FIGURE  111-24 


Production  drawing  ozalids  of  the  #4  package  manifold, 
CVS-5^926-2,  and  the  //5  package  removable  manifold,  CVS-5^9^t'3"2,  were  sent 
to  several  casting  vendors  for  cost  quotes.  Average  values  are  shown  in 
Table  III-l,  below. 

TABLE  III-l 


ITEM 

COS^ 

CV3-54926-2 

r  ($)* 
cvs-54943-2 

Tooling 

5  parts 

10  parts 

50  parts 

200  parts 

5,808 

lOi  each 

166  each 

156  each 

133  each 

5,815 

226  each 
152  each 
124  each 
107  each 

Cost  does  noL  include  finish  machining. 


The  Gurve  shown  in  Figure  III-2i5>  helow,  is  a  curve  of 
nmher  of  investment  steel  castings  versus  the  cost  per  casting.  This  curve 
is  based  on  the  cost  quotes  from  Table  III-l. 


A  study  of  this  curve  shows  that  this  particular  casting 
would  cost  $1,366  each  on  an  order  of  five  parts.  However,  based  on  an 
order  of  two  hundred  parts,  this  casting  would  cost  only  $li)-9  each.  This 
represents  more  than  a  ninefold  decrease  in  the  cost  of  the  part.  The 
forged  and  hogged-out  configurations  cannot  provide  as  great  a  decrease  in 
cost  per  part.  This  fact,  plus  the  inherent  superiority  of  a  cast  part  from 
the  weight-saving  standpoint,  justifies  the  use  of  cast  parts  over  forged  or 
hogged-out  parts  whenever  an  appreciable  number  of  parts  are  Involved.  Per¬ 
tinent  and  conclusive  data  on  casting  techniques  and  materials  best  suited 
for  Type  III  modular  hydraulic  manifolds  is,  at  best,  difficult  to  find  and 
evaluate.  Casting  materials  and  technique, s  for  a  Type  II  system  are  readily 
available  due  to  the  aircraft  industry's  e:q)erience  with  non-ferrous  cast¬ 
ings  which  are  acceptable  for  a  Type  II  system.  A  Type  III  system,  however, 
requires  ferrous  castings  of  a  high  quality  which  must  be  able  to  withstand 
650° F  and  preferably  maintain  their  strength  at  this  temperature.  The  MLO- 
8200  hydraulic  fluid  used  at  this  temperature,  plus  the  temperature,  itself, 
prevents  adequate  protection  of  non-stainless  steels  from  the  elements.  For 
these  reasons,  stainless  steel  materials  are  employed  for  manifolds  of  Type 
III  systems.  Research  is  being  continued  on  available  stainless  steels  suit¬ 
able  for  casting  and  on  the  casting  technique  itself.  Since  the  scope  of 
this  program  does  not  embrace  physical  research  into  stainless  steel  invest¬ 
ment  casting,  a].l  data  must  necessarily  come  from  existing  reports  and  peri¬ 
odicals  of  physical  reseai'ch  progrtmis  and  from  trade  literature.  Table 
III-2  on  the  following  page  lists  some  of.  the  more  common  cast  stainless 
steels  presently  cast  by  various  vendors  throughout  the  country. 

Of  the  five  manifolds  designed  for  the  modular  hydraulic 
program,  four  are  fabricated  from  17-4PH  stainless  steel  and  one  is  fabri¬ 
cated  from  5a1-4V  tltaniun  (MIL-T-904>bC).  Although  none  of  the  manifolds 
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TABLE  III-2 


MATERIAL 

CASTABILITY 

Maximum 
Operating 
Temp  “F 

Alloy 

Type 

SAE 

Equivalent 

AMS 

Equivalent 

17-4PH 

5355 

Good 

1,500 

•  302 

60302 

5358 

Good 

1,600 

304 

60304 

5639* 

Good 

1,600 

309  Modif. 

60309 

5650* 

Excellent 

Interm. 

310 

60310 

5366 

Excellent 

2,000 

316 

60316 

5360 

Good 

1, 600 

420 

60420 

5621* 

Good 

1,200 

431 

6o442 

5353 

Good 

1,500 

44oa 

5144oa* 

5631* 

Good 

1,500 

44oc 

514400* 

5352 

Good 

1>500 

*  Danotes  specs  for  wrought  forms  rather  than  cast  forms. 


have  actually  been  cast,  all  but  one  of  the  17-^PH  manifolds  have  been 
hogged-out  to  simulate  typical  investment -cast  parts.  The  17-4PH  material 
was  chosen  for  its  high  strength  properties  at  elevated  temperatures  to 
afford  the  lightest  possible  design.  I'Mle  other  stainless  steels  would 
permit  harder  sealing  surfaces,  better  machining  properties,  etc.,  it  vras 
felt  that  the  savings  in  weight  gained  by  the  use  of  17-^PH  vrould  offset , 
its  disadvantages. 

Permanent  Plugs  -  Two  types  of  permanent  plugs  were  investigated  for 
the  use  of  sealing  drilled  passages  in  manifolds.  The  Lee  plug  proved  to  be 
more  suitable  than  the  Strataflex  plug  and  was  selected  for  use  in  the  modu¬ 
lar  hydraulic  program.  It  ^all  be  noted  that  package  //2  required  the  use  of 
one  Lee  plug  and  that  package  ■jlh  required  three  Lee  plugs.  Use  of  this  type 
plug  in  lieu  of  types  similar  to  AI'J-UoG  or  MS-21913  results  in  a  sig¬ 
nificant  space  and  weight  savings. 

The  results  of  preliminary  studies  on  the  Lee  plug  and 
Strataflex  plug  ai'e  included  in  Appendix  III-3.  It  vms  concluded  that  the 
Lee'  plug  is  a  reliable  means  of  plugging  port  holes  under  the  temperature  and 
pressure  conditions  of  the  moilulw  proi'r'un  provided  that; 

(.1)  Tiie  port  iDi;;  n  rcajouable  \/all  thiclcnecs  (minimum 
of  ax)pioxun-to].y  1/3  of  plug;  dlruneter) 

(2)  Pori,  l.olei-Juices  cux-  accui'ately  controlled 

(3)  Port  iiiat<u’iril  is  sul'ficiently  hard. 


Component  Locking  Devices  -  Ti/o  friction  locking  devices,  the  Heli-Coil 
locking  insert  and  the  Ho^'-Loc",  were  studied  as  a  means  of  locking  the  modu¬ 
lar  components  in  the  manifolds.  The  results  of  these  tests  are  included  in 
Appendix  III-4.  Both  of  these  devices  showed  much  promise  as  a  friction 
locking  device.  However,  torq.ue  readings  taken  dviring  metallic  seal  tests 
showed  that  a  high  torque  woixld  he  required  to  install  modular  valves  because 
of  the  force  required  to  squeeze  the  seals,  friction  between  the  seals  and 
sealing  surfaces,  and  friction  in  the  threads.  This  torque  is  more  than 
equivalent  to  that  which  would  be  induced  by  any  friction  locking  device. 
Because  of  this,  it  was  decided  not  to  use  friction  devices  to  secure  modu¬ 
lar  valves  in  the  manifolds.  Experience  in  working  with  and  qualifying  the 
components  has  shown  that  the  compression  forces  of  the  metallic  seals  and 
the  friction  forces  mentioned  above  are  more  than  adequate  to  lock  the  com¬ 
ponent  in  the  manifold.  Safety  wire  provisions  were  made  on  all  four  pack¬ 
ages  to  secure  all  modular  components. 

Component  Installation  Torque  -  As  previously  mentioned,  the  torque 
required  to  install  some  of  the  components  is  rather  high.  Values  that  have 
been  measured  at  Chance  Vought  are  included  in  Table  III-3.for  design  and 
reference  purposes.  A  method  for  calculating  torque  to  install  components 
when  using  the  0.015  wall,  304  material  Hi-Ceals  is  shown  for  information. 


TABLE  III-3 


Modular  Component 

Class 

Installation 

Torque 

Inch  Pounds 

Restrictor 

A 

468 

B 

696 

Check  Valve 

A 

486 

B 

844 

C 

945 

Shuttle  Valve 

A 

1300 

B 

C 

3000 

Pressure  Switch 

A 

550 

Thermal  Relief 

A 

46o 

B 

360 

C 

840 

Priority 

B 

2030 

C 

1600 

Pressure  Relief 

A 

ioSo 

C 

1600 

Filter 

A 

2320 

B 

2560 

C 

2960 

Sequence 

A 

- 

B 

1560 

3-way,  2-position 

A 

iHBo 

2-position  Shut-off 

A 

1390 

100 


A  method  used  to  calculate  the  installation  torq,ue  when 
using  Hi-Ceals,  which  proved  to  he  fairly  accurate>  is  shown  below. 


1.  Radii  to  points  of  seal  contact:  0.82,  0.60,  0.i<-8 

2.  From  compression  tests,  force  to  deflect  EL-Ceal  0.0l4  inch 
(assumed  average  deflection)  is: 

200 _ Poimds _ 

Inch  of  Circumference 


3.  Required  force; 

-0025  =  IT  (1.65  in.)  300  #/in.  =  1550# 
-0018  a-rr  (1.21  in.)  300  #/in.  =  ll40# 
-0014  n  IT  ( .096  in. )  300  #/in.  =»  910# 


Total  =  3600# 

4.  Torque  caused  by  Hi-Ceal  friction: 

T  Pr  T  =  torque  in  # 

/I  =  coefficient  friction 
P  =  load 
r  =  radius 

-0025  =  T  =/JiPr  =  .4  (1550)  .82  =  505  in.  # 

-0018  =  T  =:;uPr  =  .4  (1140)  .60  a  274  " 

-0014  =  T  =/<Pr  =  .4  (  910)  ,48  =  174  ” 

Total  a  856  in.  # 


5.  Torqtue  caused  Tsy  thread  friction! 

°°»  8  a  .At 

COB  0  tan  a 


Tt 

^t 

9 

a 

/At 


thread  torque 
thread  pitch  radius 
total  load 

thread  half  angle  (30*) 
thread  helix  angle  or  tan  a 

coefficient  of  friction 


lead _  ^  .0833 

thread  circumference  ir  (1.46) 


Assume /it  =• 


.4 

-  .72  (360(^) 


(.866)(.oi82)  +  .4 
(.866)  -  (.4)  (.0182) 


TOTAL  TORQUE 


-  2590  ( — -  )=.  2590  (,480) 

.866  -  .0073 

a  1240  in.  ^ 

-  1240  +  850  =  2090  in.  # 


This  compares  to  a  measured  value  of  I88O  in.  jf.  A  similar  calculation  for 
the  Class  C  shuttle  indicates  required  torque  to  be  2940  in.  #  compared  to 
3^000  measured. 

Thread  Lubilcants  -  From  the  preceding  calculations  it  is  seen  that  a 
large  partcf  the  torque  required  to  install  modular  conponents  is  utilized  to 
overcome  thread  friction.  For  example,  if  the  coefficient  of  thread  friction 
is  reduced  from  0,4  to  0.2,  the  thread  torque  is  reduced  from  1240  inch  pounds 
to  640  inch  pounds;  and,  the  total  component  Installation  torque  is  reduced 
from  2090  inch  pounds  to  1490  inch  pounds.  Besides  reducing  component  instal¬ 
lation  torque,  the  lubricant  is  valuable  in  eliminating  thread  galling  caused 
by  high  loads  required  to  deflect  the  metallic  seals. 

Several  lubricants  were  tested  in  conjunction  with  a 
2-1/4  -  12  UN  male  plug  and  test  housing  in  an  effort  to  determine  the  best 
lubricant  to  use  for  module  installation.  The  housing  material  was  CRES  17- 
4PH  with  a  hardness  of  Rc  42,  and  the  plug  material  was  ORES  321  with  a  hard¬ 
ness  of  Ro  50«  In  general,  the  lubricant  must  be  conpatible  with  MLO-82OO 
hydratiiic  fluid,  must  not  introduce  contamination  to  the  system,  and  must 
provide  a  low  coefficient  of  friction.  The  plug  is  shown  in  Figure  111-26. 

A  diagram  of  the  test  settp  and  curves  of  break-out  torque  versus  axial  thread 
load  are  shown  on  Figure  III-27  .  The  test  procedure  was  to  (l)  insert  the 
plug  in  the  manifold  until  seven  threads  were  engaged;  (2)  connect  the  loading 
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mechanism  to  the  pXugj  (3)  vary  the  load  on  the  beam  and  measure  the  torque 
required  to  Increase  the  thread  engagement. 

Lubricants  tested  were  as  follows; 

1.  DC-4  manufactured  by  Dow  Coming  Corporation^ 

Midland,  Michigan  —  not  adequate;  showed  tendency 
to  allow  thread  galling. 

2.  Bonded  Alpha  Molycote,  MOSg,  manufactured  by  Alpha 
Molycote  Coii)oration  of  Stanford,  Connecticut  — 
good  lubricant,  but  introduced  particle  contamina¬ 
tion. 

3.  Thread  Con^jound  158-C  manufactured  by  Lubrication 
Engineers,  Incorporated,  of  Ft.  Worth,  Texas  —  good 
lubricant  but  introduced  particle  contamination. 

4.  Almasol  SFD-238  manufactured  by  Almasol  Corporation, 
a  division  of  Lubrication  Engineers,  Inc.,  of  Ft. 

Worth,  Texas  —  excellent  lubricant  but  introduced 
particle  contamination.  Analysis  of  the  contaminant, 
however,  indicated  to  be  less  than  1  micron  in 
size. 

5-  Lead -Plate  Compound  manufactured  by  Armite  Labora¬ 
tories  of  Los  Angeles,  California  —  Lead-Plate  is 
basically  fine  lead  particles  in  a  special  grease  sus¬ 
pension.  The  lead  particles  are  of  a  size  to  contami¬ 
nate  the  hydraulic  system,  however  it  is  felt  that  the 
manufacturer  may  be  able  to  provide  a  modified  "Lead- 
Plate"  which  would  be  acceptable.  This  compound  is 
advertised  to  be  effective  up  to  which  may 

certainly  have  future  applications.  A  reduced  parti¬ 
cle  size  "Lead  Plate"  was  not  Investigated. 

6,  One-Coat  Teflon  Enamel  manufactured  by  E.  I.  duPont 
de  Nemours  of  Wilmington,  Delaware  —  Classified  as  a 
spray  enamel.  It  is  green  in  color  and  as  applied  per 
specification  CVC  67  has  a  film  thickness  of  O.OOO7 
±  0.0001.  The  teflon  coating  is  duPont's  TFB  fluoro¬ 
carbon  resin  and  has  the  typical  soapy  feel  of  solid 
teflon.  It  does  not  chip  or  flake  under  abrasion, 
has  a  marked  resistance  to  peeling,  and  no  tendency 
to  "transfer"  to  a  mating  part  even  when  subjected  to 
high  bearing  pressures, 

"Lead-Plate"  and  "One-Coat  Teflon  Ena^iel"  were  more  effective  as  anti-friction 
and  anti-galling  agents  than  any  plating  or  coating  tested,  with  the  Teflon ' 
Enamel  being  superior  to  "Lead-Plate."  The  "Lead-Plate"  was  tested  by  coating 
the  pli;g  threads  with  the  compound  and  running  the  plug  on  a  dry  manifold. 

The  Teflon  Enamel  was  tested  by  coating  the  plug  threads  with  the  enamel  then 
testing  as,  follows; 
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Trial  vfl  -  Teflon-coated  plug  running  on  dry  manifold  up  to  3>640  f- 
axial  load. 

Trial  //S  -  Teflon-coated  plug  running  on  dry  manifold  up  to  4,850 
axial  load. 

Trial  //3  -  Teflon-coated  plug  running  on  manifold  with  MLO-8200 
hydraulic  fluid  up  to  4,850  f-  axial  load. 

Teflon-coated  plug  and  manifold  were  next  preloaded  to  axial  load  of 
4,850  jj=,  soaked  in  MLO-82OO  and  held  at  450* F  for  5  hours. 

Trial  jfk  -  Teflon-coated  plug  running  on  manifold  with  MLO-82OO  residue 
up  to  4,850  #  axial  load. 

Although  the  teflon  coat  held  up  very  well  dxiring  repeated  tests,  some 
peeling  did  occur.  It  is  concluded  that  of  those  tested,  teflon  coat  is  the 
most  satisfactory;  however,  all  would  contribute  contamination  to  the  hydrau¬ 
lic  system.  The  development  and  qualification  tests  of  all  the  modular  com¬ 
ponents  were  con^pleted  without  the  use  of  a  thread  lubricant.  The  one 
exception  was  the  4-way,  3-position,  cartridge-type  selector  valve  which  has 
external  threads  (i.e.,  the  threads  of  all  the  other  components  are  within 
the  hydraulic  system  when  installed).  To  prevent  thread  galling  and  to  re¬ 
duce  installation  torque,  the  following  method  was  recoinmended  and  success¬ 
fully  used ; 

(1)  Install  the  modular  valve  with  only  one  metallic  seal  installed 
and  apply  torque  until  the  valve  bottoms  out. 

(2)  Remove  the  valve  and  the  seal  and  Install  the  second  seal,  pre¬ 
setting  it  in  the  same  manner  as  the  first. 

(3)  Repeat  this  presetting  process  for  a  third  seal. 

(4)  Install  all  of  the  preset  metallic  seels  in  their  proper  cavities 
and  apply  torque  until  the  valve  bottoms  out. 

The  above  method  significantly  reduces  final  installation  torque  and  galling 
tendencies . 

General  Specification  for  Packaging  Modular  Components 

Based  on  the  experience  gained  in  working  with  metallic  seals,  modular 
components,  manifold  and  package  designs,  and  package  tests,  a  MIL  type 
specification  was  prepared  covering  the  general  requirements  for  packaging 
modular  hydraulic  cortponents.  As  previously  mentioned,  this  specification 
is  included  in  Appendix  III-l. 

Conclusions 


It  is  concluded  that  reliable  means  of  packaging  modular  components  in 
4,000  psi,  450°P  hydraulic  systems  has  been  developed.  However,  the  studies 
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mde  during  this  phase  of  the  modular  program  point  out  msiny  problems  that 
the  designer  must  be  aware  of.  Before  starting  the  design  of  any  package^ 
the  designer  should  thoroughly  familiarize  himself  with  the  "General  Speci¬ 
fication  for  Packaging  Modular  Components."  Some  of  the  problems  that  the 
designer  may  expect  are: 

(1)  When  designing  a  minimum  weight  manifold,  the  manifold  will  prob¬ 
ably  take  such  a  complex  shape  that  a  casting  will  be  the  most  economical 
approach  for  production  quantities.  When  a  manifold  design  is  simplified  to 
allow  economical  machining,  significant  weight  increase  results.  Cost  versus 
weight  saving  is  a  constant  consideration  in  the  design  of  manifolds. 

(2)  It  must  be  noted  that  complete  testing  of  a  modular  hydraulic 
package,  which  may  have  as  many  as  flv-*  or  more  modules,  is  not  as  easily, 
aGcoiig)llshed  as  individual  component  testing  of  conventional  hydraulic  sys¬ 
tems.  Once  installed  in  a  common  manifold,  modules  will  generally  affect 
one  another's  function.  Therefore,  to  isolate  the  performance  of  each  mod¬ 
ule  or  to  test  for  a  certain  module  function,  it  will  sometimes  become 
necessary  to  employ  test  plugs  in  place  of  modules  to  accomplish  the  testing 
of  a  particular  module.  Due  to  the  inter-related  arrangement  of  various 
modules  in  one  common  manifold,  considerable  thought  must  be  given  to  the 
testing  procedure,  for  the  complete  package  in  order  to  minimize  the  complex¬ 
ity  of  the  package  test  setup. 

(3)  Two  of  the  Chance  Vought  package  designs  #2  and  #5,  experienced 
leakage  problems  between  faces  of  two  manifolds  tlrnt  were  bolted  together. 

In  each  case,  high  loads  were  present  which  tended  to  spread  these  faces 
apart.  Whereas  sji  elastomer  seal  would  tolerate  this  movement,  the  metallic 
seal  would  not.  In  designing  for  metallic  seal  face  mount  applications,  the 
designer  should  strive  for  zero  deflection.  Deflections  not  only  cause  leakage 
problems,  but  fatigue  failures  of  the  metallic  seal  when  they  are  subject  to 
pressure  impulses.  In  general,  a  screw-in  design  will  give  better  results 
than  a  bolted-f ace-mount  design  when  high  loads  are  present. 

(4)  The  pressure  drop  through  the  Chance  Vought  package  designs  was 
somewhat  higher  than  originally  anticipated.  The  higher  pressure  drop  is 
mostly  due  to  the  complex  flow  path  througli  the  package.  The  designer  must 
make  larger  flow  passages  and  smooth  out  flow  path  if  pressure  drop  must  be 
small. 
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GENERAL . ~  Chance  Vought  Aircraft,  Incorporated,  is  interested 
in  obtaining  metallic  seals  for  static  applications  in  a  4000  psl 
hydraulic  system.  This  brief  brochure  outlines  some  tentative  de¬ 
sign,  manufacturing  and  testing  considerations  relative  to  the 
types  of  seal  desired, 

2.  DESIGN  AND  MANUPACTURING  REQUIREMENTS 


2.1  Fluid.-  The  hydraulic  fluid  used  shall  be  MLO-8200  which 
may  be  purchased  from  the  Oronlte  Chemical  Company,  200  Bush  Street, 
San  Francisco,  California. 

2 .2  Temperature  Range.-  The  seal  shall  be  capable  of  full  per¬ 
formance  with  the  fluid  at  any  temperature  throughout  the  range  of 
-65 °P  to  450°P  and  shall  seal  satisfactorily  within  a  range  of  am¬ 
bient  temperatures  from  -65 °P  to  650 °P. 

2.3  Altitude,-  The  altitude  pressure  range  shall  be  sea  level 
to  100,000  feet.- 

2.4  Rated  Pressure.-  The  rated  hydraulic  pressure  shall  be 
4000  psi. 


2.5  Re -usability  versus  Cost.-  It  is  desirable  that  seals  be 
of  such  a  design  as  to  permit  their  re-use  a  minlmiom  of  15  times, 
during  the  life  of  the  seal.  If  the  seal  is  crushed  or  deformed 
by  the  installation  process  so  as  to  require  that  it  be  discarded 
after  one  use,  then  its  unit  cost  sh.ould  be  low  enough  to  justify 
storage  and  replacement  costs  in  service. 

2.6  Machining,  Tolerances  and  Surface  Finishes.-  It  is  desir¬ 
able  that  machining  tolerances  for  hydraulic  component  sealing  sur¬ 
faces  or  cavity  dimensions  not  be  closer  than  ±  .005  and  that  sur¬ 
face  finishes  finer  than  32  RHA  not  be  required  for  satisfactory 
sealing. 


2.7  Special  Tools.-  The  seal  design  should  be  such  that 
special  or  unusual  tools  vjill  not  be  required  for  normal  installa¬ 
tion  and  removal  of  the  seal. 

2.8  Lubricants No  lubi-icant  should  be  required  for  seal 
installation  or  perfoi'mance  other  than  iiydraulic  fluid  MLO-8200. 

2.9  deal  Tightening  Forces.-  It  Is  desirable  that  a  reason¬ 
able  range  exist  uetv/oen  minimuja  and  maximura  tightening  values  for 
seal  installation.  It  vwuld  be  desirable,  further,  that  the 
torque  values  for  effective  seal  tightening  using  various  thread 
sizes  should  not  exceed  the  torque  values  for  corresponding  MS 
flareless  fitting  tliread  sizes. 
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3.  TEST  requirements' 

3.1  Proof  Pressure. Each  seal  shall  be  subjected  to  proof 
pressure  of  6000  psi  at  4^0 °P  for  a  period  of  5  minutes.  There 
shall  be  no  leakage  and  no  permanent  deformation  or  other  visible 
damage  to  the  seal. 

3.2  Burst  Pressure.-  The  seal  shall  withstand  a  burst  pressure 
of  10,000  psi  at  room' temperature  for  a  period  of  5  minutes  with  no 
leakage . 


3.3  Impulse  Tests.-  Th  impulse  tests  shall  be  conducted  at 
a  rate  of  35  ~  5  cpm.  Each  impulse  cycle  shall  constitute  a  rise 
from  0  psi  to  surge  pressure  and  drop  to  zero  as  shown  in  Figure  I. 
Hydraulic  fluid  shall  be  used  as  a  test  medium  with  a  peak  surge 
pressure  of  1.43  to  1.57  times  the  rated  pressure  as  shown  by  an 
oscilliscope .  The  seals  shall  be  tested  for  a  total  of  200,000 
cycles  per  spectrum  in  Figure  II.  Before  and  after  the  Impulse 
tests  the  seals  should  be  proof  pressure  tested  at  450°P  for  5 
minutes.  There  shall  be  no  leakage  during  the  impulse  tests  or 
proof  pressure  tests. 

4.  SEAL  TYPES  AND  CAVITY  CONFIGURATIONS 

4.1  General .-  Seals  of  the  types  mentioned  below  are  desired 
in  sizes  from  3/d  inch  O.D.  up  to  and  including  3  inch  O.D,  in 
increments  of  1/8  inch.  It  is  further  desired  that  the  seals  be 
of  double-acting  design,  that  is,  capable  of  withstanding  pressure 
applied  from  either  direction  against  the  seal. 

4.2  Boss,  Step,  or  Face  Seal.-  Chance  Vought  Aircraft  is  inter¬ 
ested  in  testing  and  evaluating  existing  metallic  seals  of  a  boss, 
step,  or  face  type.  Seals  of  this  type  may  use  AND  IOO50  port 
dimensions  although  this  is  not  a  I’equirement .  Any  other  type  of 
seal  cavity  may  be  used  depending  upon  the  requirements  of  the  seal 
design. 


4.3  Radial,  Circumferential,  or  Annular  Seal.-  Chance  Vought 
Aircraft  is  Interested  in  obtaining  pi'oposals  for  the  development 
of  seals  of  this  type.  The  attached  sketches  mentioned  below  show 
the  sealing  applications  for  the  type  of  seal  desired. 

4.4  Seal  Cavity  Configurations.-  Attached  are  sketches  re- 
presenting  the  types  of  seals  outlined  above  and  showing,  in  add¬ 
ition,  the  general  conf igviration  of  the  hydraulic  components  with 
v;hlch  the  metallic  seals  are  to  be  used. 
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The  impulse  test  (200,000  cycles)  shall  be  conducted  while 
the  seal  undergoes  the  temperature -time  spectrum  shown  above. 
Each  spectrum  should  take  approximately  eight  hours  to  com¬ 
plete  and  should  consist  of  approximately  16,670  cycles. 
Tvjelve  days  are  required  for  the  test.  The  first,  fourth, 
seventh  and  tenth  spectrvuBS  shall  begin  after  the  test  set¬ 
up  has  soaked  at,.-65°P  for  8  hours  (overnight).  The  remain¬ 
ing  spectrums  shall  begin  at  90°  ±  29°F  on  the  2nd,  3rd,  5th, 
6th,  8th,  9th,  11th  and  12th  days  of  the  test.  The  rate  of 
temperature  rise  shall  be  within  the  shaded  areas  shown  on 
the  curves  above. 
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FIGURE  II 


COMBINATION  BOSS  AND  STEP  SEALS 


FACE  SEAL 


STEP  SEALS 


DOUBLE  -  STiEP  SEAL 


TRIPLE  -  RADIAL 


COMBINATION  STEP  AND  RADIAL 
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ORIGINAL  SO  SEAL  VENDORS  CONTACTED  (*  denotes  reply  received) 


* 

1. 

Advance  Products  Company 

11. 

Garlock  Packing  Company 

* 

2. 

Aero  Gasket  Corporation 

*  12. 

Harrison  Manufacturing  Co. 

3. 

Anagra,  Inc . 

13. 

Johns-Manville  Corporation 

4. 

Arnav  Aircraft  Associates,  Inc. 

*  l4. 

Joseph  Soraghan  &  Associates 

* 

5. 

Auburn  Manufacturing  Company 

15. 

Koppers  Company,  Inc. 

* 

6. 

Bendix-Pacific  Division 

l6. 

Linear,  Inc . 

* 

7. 

Bendix  Aviation  Corporation 

Double  Seal  Ring  Company 

*  17. 

Muskegon  Piston  Ring 

Company 

* 

8. 

D.S.D.  Manufacturing  Company 

*  18. 

Navan  Products,  Inc. 

* 

9. 

Fulton  Sylphon  Division 

*  19. 

On  Mark  Couplings 

Robert  Shaw- Fulton  Controls  Co. 

*  20.  United  Aircraft  Products,  Inc 

10.  Gasket  Engineering  Company,  Inc. 

ADDITIONAL  VENDORS  CONTACTED  (*  denotes  reply  received) 

* 

1. 

Adel  Precision  Products 

*  6. 

Guy  Wliitalcer  Company,  Inc. 

* 

2. 

Aeroquip 

*  7. 

Hydrodyne  Corporation 

* 

3. 

Aircraft  Porous  Media 

8. 

Perfect  Seal  Manufacturing 

* 

4. 

5. 

American  Hammered 

Cadillac  Gage  Company 

9. 

*  10. 

Company 

Sealed  Power 

Vinson  Manufacturing  Company 
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CSMERAL  TEST  PROCEDURE 

“Ifor  metallic  seals 

Ref;  (a)  CYA  MH-.2  dated  25  February  1959 
PURPOSE 


The  purpose  of  this  outline  is  to  provide  a  working 
test  procedure  to  evaluate  metallic  seals  suitable  for  use 
in  a  hydraulic  system  using  MIjO-8200  hydraulic  fluid  in  a 
temperature  range  of  -65*?  to  450*F  and  an  operating  pres¬ 
sure  of  4000  pel. 

SCOPE 

Samples  of  all  boss  and  face  type  metallic  seals  that 
appear  to  meet  the  requirements  of  reference  (a)  shall  be 
procured  for  evaluation.  Boss  type  seals  shall  be  evalu¬ 
ated  in  the  -6,  -10,  -I6,  -20,  and  -28  sizes  in  a  test  mani¬ 
fold  shown  in  the  photograph  on  page  12,  Face  type  seals 
having  inside  diameters  approximately  equal  to  Inside  dia¬ 
meters  of  AN  6227-8,  -12,  -19,  -23,  and  -30  shall  be  evalu¬ 
ated.  The  test  manifold  for  each  seal  design  is  shown  in 
TL-3618,  page  11.  Where  reference  is  made  to  torque,  it 
shall  be  understood  as  having  the  same  meaning  as  squeeze 
for  face  seals  when  applicable.  Normal  pressure  applica¬ 
tion  is  defined  as  meaning  the  application  of  a  diffe¬ 
rential  pressure  across  the  seal  with  the  pressure  being 
greatest  on  the  inside  diameter.  For  reversed  pressure, 
the  pressure  shall  be  greatest  on  the  outside  diameter 
of  the  seal.  Seal  testing  shall  be  performed  in  two 
parts  as  outlined.  Only  those  seals  successfully  com¬ 
pleting  Part  I  tests  will  be  tested  in  accordance  with 
Part  II  outline.  Leakage  across  internal  seals  shall 
be  channeled  to  prefilled  clear  tubing  stand  pipes. 

Fluid  level  will  be  marked  before  cycling  is  commenced 
each  day  and  any  fluid  level  change  will  be  noted. 
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I.  Preliminary  Tests 
A.  Physical  Check 


1.  All  seals  and  fittings  used  shall  he  assigned  a 
aerial  number  before  testing  begins.  Serial  numbers 
shall  start  with  1  and  run  consecutively  for  each 
type  and  size  seal  or  fitting  used.  Test  fittings 
shall  be  stencilled  with  serial  numbers  and  seals 
shall  be  identified  by  attaching  metal  serial  number 
tags. 

2.  Each  test  seal  and  fitting  used  with  a  test  seal  . 
shall  be  visually  examined  for  any  unusual  defects 
or  deviations  from  blueprint  requirements.  A  re¬ 
cord-  shall  be  kept  on  all  visual  observations. 

3.  All  critical  dimensions  affecting  sealing  properties 
shall  be  measured  on  seals  end  fittings.  The  mea¬ 
sured  dimensions  will  be  recorded  for  comparing  with 
design  requiremanta. 

B.  Leakage  and  Proof  Pressure 

1.  Install  test  seals  in  appropriate  manifolds  or  fitt¬ 
ings  according  to  the  vendor's  recommended  installa¬ 
tion  procedure.  Where  a  range  of  torque  values  is 
specified,  the  lower  torque  value  shall  be  used  firit. 
Maintain  a  record  of  torque  applied  on  each  teat  seal. 

2.  Apply  static  hydraulic  pressures  of  10  psi,  4000  pai, 
and  60OU  psi  on  the  seals.  Maintain  each  pressure 
for  a  period  of  at  least  10  minutes  and  note  any 
leakage  which  may  occur. 

3.  If  leakage  occurs  while  the  seal  is  under  static  pres¬ 
sure,  the  pressure  shall  be  removed  and  the  seal 
torque  increased  by  approximately  10^  of  thes  original 
torque  value,  or  some  reasonable  squeeze  value  in 
case  of  face  seals,  when  higher  torque  values  are 
conducive  to  better  sealing.  The  higher  torque 
values  shall  not  be  applied  before  a  seal  has 
undergone  leakage  checks  at  all  three  pressure 
levels,  unless  excessive  leakage  deems  this  to 

be  impractical.  In  general,  when  leakage  occurs, 
a  higher  toi’que  or  squeeze  shall  be  applied  to 
the  seal  until  leakage  ceases  except  that  the 
torque  applied  should  not  exceed  400^  of  the  maxi¬ 
mum  torque  recommanded  by  the  vendor. 
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4.  If  leakage  .has  not  been  stopped  after  reaching  the 
tOOji  of  maximum  original  torque  "value,  the  seal  shall 
be  removed  from  the  set-up  and  all  mating  surfaoea 
examined  for  any  possible  defects  that  might  cause 
leakage. 

5.  If  cause  for  leakage  is  found  to  be  in  the  mating 
fitting  to  the  seal,  then  the  cause  shall  be  remedied 
and  leakage  testitig  of  seal  started  over  provided 
seal  has  not  been  damaged.  If  no  cause  for  leakage 
la  evident,  then  the  seal  shall  be  reassembled  on 
the  same  fittings  and  leakage  testing  of  seal 
started  over.  On  the  second  assembly,,  special 

care  must  be  taken  to  assure  that  seal  is  properly 
seated.  If  seal  continues  to  leak,  no  further  test¬ 
ing  will  be  perfonned. 

6.  For  those  seals  considered  suitable  for  withstanding 
reversed  pressure,  the  test  procedure  of  Paragraph 
I-B-1  through  I-B-5  shall  be  repeated  with  pressure 
from  the  opposite  direction. 

C.  Impulse  Tests 

1.  Seals  satisfactorily  completing  leakage  teats  shall 
undergo  50,000  pressure  impulse  cycles  while  the 
seals  undergo  the  temperature-time  spectrum  shown 
in  Figure  I,  page  8.  The  teat  shall  be  composed 
of  four  complete  temperature -time  spectrums.  The 
pressure  impulse  cycling  shall  conform  as  nearly 
as  possible  to  that  shown' in  Figure  II,  page  9* 

The  pressure  impulse  set-up  will  be  as  shown 
schematically  in  Figure  III,  page  10.  Pressure. 
Impulsing  during  the  first  and  third  temperature- 
time  spectrum  runs  shall  start  when  the  seal  tem¬ 
perature  is  between  TO^F  and  100®F.  The  pressure 
impulsing  during  the  second  and  fourth  temperature- 
time  spectrum  shall  start  when  the  seal  temperature 
is  at  -65'*?.  For  those  seals  considered  suitable 
for  withstaudlrig  reversed  pressure,  impulse  pres¬ 
sure  application  shall  be  in  the  opposite  direction 
during  the  third  and  fourth  spectrums. 

a.  In  event  of  a  shut  down  of  impulse  testing  due  to 

breakdown  or  other  reason  a  temperature -time  spectrum 
shall  be  conslderf?d  complete  at  the  end  of  each  12,500 
impulse  cycles. 
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3.  If  leakage  occurs  during  impulse  cycling  that  la 
great  enough  to  hinder  testing  of  other  seals,  then 
the  system  shall  he  shut  down  and  an  investigation 
made  to  determine  which  seal  is  leaking.  Seal 
torq,ue  should  he  increased  in  increments  of  approxi¬ 
mately  10f>  of  original  torque  value  or  some  reaaon- 
ahle  squeeze  value  in  case  of  face  seals,  until  there 
is  no  evidence  of  leakage  or  the  torque  has  reached 
400^|t  of  the  maximum  vendor,  recommended  value.  If 
seal  still  leaks  so  as  to  hinder  testing  of  other 
seals,  it  shall  he  blocked  from  the  system, 

II.  Major  Evaluation 

A,  Seal  Selection 

Only  those  types  of  seals  '  satisfactorily  completing  the 
preliminary  tests  shall  undergo  final  evaluation.  These 
may  he  new  seals  or  seals  having  undergone  preliminary 
testing  provided  no  evidence  of  physical  change  has 
appeared  during  preliminary  testing. 

B.  Physical  Check 

The  physical  check  shall  he  the  same  as  outlined  in  Para- 
gi-aphs  I-A-1  throu^  I-A-3. 

C*  Leakage  and  Proof  Pressure 

Leakage  tests  shall  he  the  same  as  that  outlined  in  Para¬ 
graphs  I-B-1  through  I-B-6, 

D«  Impulse  Tests 


1,  Seale  shall  undergo  a  minimum  of  200,000  pressure 
Impulse  cycles.  Each  pressure  Impulse  cycle  shall 
conform  as  nearly  as  possible  to  that  shown  in 
Figure  II.  Pressure  impulse  cycling  shall  he  per¬ 
formed  while  the  seals  are  being  subjected  to  one 
of  the  temperature -time  spec tr urns  outlined  in 
Figure  I.  The  test  shall  he  composed  of  l6  com¬ 
plete  temperature-time  spectrums.  The  pressure 
impulse  cycling  for  the  fourth,  eighth,  twelfth, 
and  sixteenth  temperature -time  spectrums  shall 
start  when  the  seal  and  fluid  temperature  is  at 
-65*F.  All  other  pressure  Impulse  cycling  shall 
begin  when  the  seal  temperature  is  between  70*F 
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and  IfX)  •?»  Inpulse  pressure  cycling  shall  he 
posed  la  the  reverse  direction  for  those  seals  con¬ 
sidered  suitable  for  reversed  pressure  during  the 
seventh  through  the  tenth  temperature -time  spectrum 
(75,000  through  125,000  cycles). 

2.  Upon  conqpletlon  of  each  temperature-time  spectrum 
(orisach  12,500  cycles)  starting  with  the  eighth, 
each  test  seal  (if  applicable)  shall  be  untor<iued 
or  otherwise  have  Its  sealing  force  relieved  to 
simulate  disassembly.  The  seal  shall  then  be  re- 
torqtued  or  loaded  to  the  same  level  as  when  the 
spectrum  was  completed  unless  the  seal  was  leak¬ 
ing  upon  completion  of  the  spectrum. 

3.  In  the  event  of  shutdown  of  Impulse  testing  due  to 
breakdown  or  other  reason,  a  teaperature-tlme  spectrum 
shall  be  considered  complete  at  the  end  of  each 
12,500  impulse  cycles.  Reheat  at  times  other  than 

at  beginning  of  a  temperature-time  spectrum  will  be 
done  without  cyclings 

k.  The  procedure  for  leakage  correction  shall  be  the 
same  as  that  In  Paragraph  I-C-3. 

5.  After  conpletlng  200,000  impulse  cycles,  each  seal 
shall  be  examined  visually  and  compared  with  the 
"as  received"  condition.  All  critical  dimensions 
shall  be  checked  again  for  determining  any  per¬ 
manent  set  that  may  have  occurred. 

E.  Burst  Teat 

l.  Subject  each  seal  completing  tests  thus  far  to  a 
hydraulic  pressure  of  10,000  pal  from  the  Inside 
diameter  to  out. 

2.  Repeat  Paragraph  II-E-1  for  those  seals  considered 
suitable  for  reversed  pressure,  with  pressure 
applied  in  opposite  direction. 


Seal  Selection 

Bach  type  and  size  seal  completing  the  major  evaluation 
shall  be  subjected  to  certain  abuse  tests.  These  seals, 
except  those  used  In  reverse  pressure  tests,  shall  be 
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new  seals  not  previously  used  in  testing.  The  purpose 
of  these  tests  is  to  determine  the  seals  capability 
for  sealing  under  abnormal  squeeze  and  after  improper 
previous  use.  Seals  used  in  reverse  pressure  teats 
shall  be  those  face  seals  not  considered  suitable  for 
reversed  pressure  and  having  completed  the  major  evalua¬ 
tion  test. 

B.  Squeeze  Tests 

1.  Install  each  seal  in  a  suitable,  manifold  of  fitting 
and  apply  a  torque  or  squeeze  on  the  seal  of  approxi¬ 
mately  one-half  the  minimum  recommended  by  the  vendor. 
Repeat  Paragraph  I-B-S.  If  leakage  occurs,  repeat 
Paragraph  I-B-3.  Remove  seal  and  check  for  permanent 
set,  provided  seal  Is  capable  of  being  removed. 

2.  Repeat  Paragraph  III-B-1  with  torque  or  squeeze  equal 
to  the  minimum  recommended  by  the  vendor  provided 
this  has  not  been  reached  already' in  Paragraph 
III-B-1. 

3.  Repeat  Paragraph  III-B-1  with  torque  or  squeeze 
equal  to  maximum  vendor  recommended  value. 

4.  Repeat  Paragraph  III-B-1  with  torque  or  squeeze 
equal  1-1/2  times  maximum  vendor  recommended  value. 

C.  Re-Use  Teats 


1.  Using  the  same  fittings  or  manifolds  used  in  Para¬ 
graph  III-B-1,  Install  a  new  seal  in  each  and  apply 
squeeze  or  torque  equal  to  the  minimum  optimum  value 
per  previous  tests.  Repeat  Paragraph  I-B-2.  If 
leakage  occurs,  increase  toque  in  10^  increments, 

or  some  reasonable  squeeze  value  in  case  of  face 
seals,  until  leakage  stops. 

2.  Release  and  retorque  seals  to  the  value  obtained  in 
Paragraph  ni-C-l  and  repeat  Paragraph  I-B-2.  Do 
this  sequence  until  leakage  occurs  or  sequence  has 
been  performed  a  total  of  ten  times. 

3.  Repeat  Paragraph  III-C-2  ten  times  with  torque 
applied  each  time  doubled  that  applied  in  Paragraph 
III-C-1. 

4.  Repeat  Paragraph  111-0-2  until  seal  has  been  released 
and  retorued  a  total  of  25  times  or  leakage  occurs. 
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D,  Reversed  Fresaure  Teats 

1.  Each  seal  completing  the  major  evaluation  and  which 
Is  not  considered  suitable  for  reversed  pressure 
application  shall  have  reversed  pressure  of  4000 
pal  applied  for  the  purpose  of  determining  effect 
on  normal  pressure  sealing  capability.  Seals  shall 
be  torqued  to  optimum  value  per  previous  teste. 

2.  After  the  bOCDpsl  reversed  pressure  application, 
repeat  tests  per  Paragraph 
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APPENDIX  IL-k 


PREIIMINARy  SEAL  TEST  RESULTS; 

ADVANCE  SEAL 

AERO  GASKET 

CADILLAC  GAGE 

DOUBLE  SEAL 

CHANGE  VOUGHT  X-SEAL 

HARRISON  SEAL 

RE-CEAL 

NAVAN 

OMEGA 

RACO 

TORUSEAL 

WADC 


ADVANCE  SEAL  TEST 


The  complete  set  of  Mvagace  Pace  Seals  consisted  of  eight  each  of 
five  sizes  ranging  from  0,375  to  1.750  inches  I.D.  Of  the  eight  seals 
in  each  size,  four  seals  were  coated  with  a  0,001  -  0.002  inch  thick 
silver  plate,  and  four  were  coated  with  a  0,002  -  0.003  inch  teflon 
coating. 

Eight  manifolds  for  testing  these  seeds  per  CVC  M.H.2  have  been 
fabricated.  Four  manifolds  contained  silverplated  seals  and  the  other 
four  contained  teflon-coated  seeds.  Each  manifold  tested  two  seeds  — 
one  given  size  and  the  next  larger  size,  progressing  from  the  smallest 
to  the  largest.  Thus,  eeich  of  the  first  four  sizes  of  seeds  was  tested 
as  the  small  seed  of  each  manifold. 

Each  manifold  was  dimensionally  Inspected  to  determine  the  actual 
amount  of  squeeze  imposed  on  each  seal.  Eeu:h  test  seal  wets  also  dimen¬ 
sionally  inspected  as  a  reference  for  determining  the  amount  of  perma¬ 
nent  set  that  occurs. 


I 

HOLLOW  METAL  0-RING 


A  total  of  sixteen  Advance  Sea^s  (metallic  O-rings)  have  luidergone 
preliminary  testing.  Physical  inspection,  seal  installation,  static 
pressure  and  pressure  lnq)ulse  testing  of  the  seals  was  performed.  Leak 
age  detection  during  pressure  in^julse  cycling  was  provided  by  dear- 
sight  tubes  partially  filled  with  hydraulic  fluid  and  connected  to  the 
non-pressurlzed  test  seal  cavity.  Fluid  leaking  past  the  test  seal  dls 
placed  fluid  upward  in  the  sight  glass  which  wm  in  full  view  of  the 
technician  operating  the  test. 

Testing  of  the  seals  listed  in  Table  II-3  was  performed 

in  two  groups.  In  the  first  group,  one  seal  of  each  part  number,  the 
first  listed,  was  initially  set  up  in  manifolds,  static  pressure  tested 
and  then  pressure  Impulse  cycled  until  failure  or  until  a  minimum  of 
50,CX)0  p.i.c.  (pressure  impulse  cycles)  had  been  reached.  The  second 
grov^  consisted  of  one  seal  of  each  part  number,  the  second  listed,  and 
was  tested  in  the  same  manner  as  the  first  group;  however,  any  damaged 
cavity  surfaces  were  first  restored  by  very  light  sanding  with  No,  600 
grit  abrasive  paper. 
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After  completion  of  the  normal  pressure  Impiilse  cycling,  all  seals 
of  the  second  group  which  did  not  fail  were  set  up  for  reversed  pressure 
cycling.  This  included  all  the  silverplated  seals  (indicated  by  SP  in 
the  part  number)  and  one  teflon-coated  seal  (375t1"3-TC  S/N2),  Before 
reverse  pressure  cycling,  the  plugs  holding  the  seals  in  the  manifolds 
were  removed  and  the  seals  were  examined  and  were  found  to  be  in  good 
condition.  The  seals  were  not  removed  from  the  cavity.  The  plugs  were 
then  replaced  and  static  pressure  tests  were  performed  with  leaJteage 
occurring  on  two  seals,  625-1-3-SP  s/N3  and  125O-I-3-SP  S/N3. 

The  375-1-3  TC  S/N2  seal  completed  l6,6it-0  reversed  p.i.c.  without 
failxu’e,  being  removed  from  the  test  only  because  of  the  failure  of  a 
secondary  seal  in  the  manifold.  The  two  remaining  seals,  375-1-3  SP  s/N2 
and  1000-1-3  SP  S/N3,  con^jleted  the  target  of  25,000  reversed  p.i.c. 
without  failiure. 

After  completion  of  the  Impxilse  pressure  cycling,  all  test  manifolds 
were  disassembled  for  examination  of  the  seal  and  manifold  mating  faces. 
Damage  to  the  manifold  mating  surfaces  was  generally  insignificant.  The 
teflon-coating  on  all  teflon-coated  seals  had  either  been  peeled  away  or 
had  begun  to  do  so.  Some  permanent  set  had  occured  in  all  seals  and  par¬ 
ticular  difficxilty  was  encountered  in  removing  the  seals  from  their  cavi¬ 
ties.  In  most  cases,  the  seals  could  not  be  removed  without  being 
damaged  and  they  were  not  considered  suitable  for  re-use. 

The  short  life  of  the  two  1250-1-3  TC  seals  was  believed  to  be  due 
to  the  low  squeeze  under  which  they  were  installed.  The  poor  manifold 
surface  finish  may  have  caused  early  leaJcage  of  the  1000-1-3-SP  s/N2  and 
the  625-1-3  SP  s/N2  seals.  Among  the  silverplated  (indicated  by  SP  in 
the  part  number)  seals,  it  should  be  noted  that  only  two  failures 
occurred,  which  were  perhaps  justified  in  view  of  the  poor  surface  fin¬ 
ishes  involved.  Only  two  of  the  teflon-coated  seals  completed  50,000 
p.i.c.  without  falliure,  therefore  it  may  he  concluded  that  the  silver- 
plated  metallic  0-ring  may  be  suitable  as  a  face  seal  under  the  condi¬ 
tions  tested.  Further  testing  to  determine  effects  of  various  amounts  of 
squeeze  was  not  accomplished. 


AERO  GASKET  SEAL  TEST 


The  Aero  Gasket  Seal  consists  of  a  thin  metal  case  enclosing  an 
asbestos  fiber  center  as  shown  in  Figui-e  II-I5.  A  test  manifold 

capable  of  applying  various  degrees  of  squeeze  to  the  one  test  packing 
size  that  is  presently  available  was  fabricated. 

Preliminary  testing  was  performed  on  two  of  the  four  Aero  Gasket 
sample  seals  using  a  test  manifold  similar  to  that  shown  in  Figure 
II-I6.  The  first  seal  (s/N1)  was  Installed  in  the  manifold  without 
the  spacer-retainer.  The  plug,  having  5/l6-24  IMF  threads,  was  tight¬ 
ened  to  75  in./lh.  torque.  The  plug  and  seal  were  then  removed  and  seal 
thickness  and  outside  diameter  were  measured.  A  second  seal  (s/N2)  was 
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then  installed  in  the  manifold  along  with  a  spacer-retainer.  The  spacer- 
retainer  had  a  thickness  and  an  inside  diameter  approximately  equal  to 
the  thicloiess  and  outside  diameter  of  the  first  seal  after  being  tight¬ 
ened  to  75  in. /lb.  torque.  The  purpose  of  the  spacer-retainer  was  to 
control  seal  squeeze  and  to  prevent  failure  of  the  seal  imder  pressure 
loading.  Static  hydraulic  pressures  of  10,  L,000  and  6,000  psi  were 
applied  to  the  seal,  however  leaJcage  occurred  at  6,000  psi.  Pertinent 
seal  and  spacer  dimensions  are  given  in  Table  II-L. 


The  seal  and  spacer- retainer  were  then  removed  and  examined.  Surface 
finish  on  mating  sui’faces  of  the  manifold  with  the  seal  was  approximately 
l6  Rt'lS.  The  seal  vms  again  installed  but  with  a  new  spacer-retainer  which 
imposed  0.010  inch  more  squeeze  on  the  seal.  The  seal  then  passed  the 
static  pressure  tests  to  6,000  psi  satisfactorily.  The  seal  was  placed  in 
the  temperature  box  for  pressure  impulse  cycling  to  6,000  psi  and  450®?  in 
accordance  with  the  pressure-tirne-tenperature  spectrum  presented  in  CVC 
M.H.2.  After  14,784  p.i.c.  the  seal  began  lealting  and  was  removed  from 
the  temperature  box  and  visually  examined.  The  seal  and  surfaces  appeared 
unchanged  from  the  first  installed  condition  and  no  reason  for  lealcage 
was  apparent.  l^JOn  removal,  the  setil  depth  vms  measured  and  found  to  be 
0.0518  inch  (measured  depth  new  was  O.O89O  inch).  The  seal  was  again 
installed  in  the  same  cavity.  The  seal  was  then  subjected  to  6,000  psi 
static  hydraulic  pressure  for  a  period  of  10  jrdnutes  without  leakage 
occurring.  V/hen  the  squeeze  was  reduced  by  0.001  inch,  6,000  psi  static 
pressure  caused  leakage  to  occur. 


TABLE  11-k 


AERO  GASKET  SEAL  TEST 
PERTIHBMT  DIMENSIONS 


ITEM 

CONDITION 

I.D. 

Inches 

O.D. 

Inches 

Depth 

Inches 

SEAL  • 

As  received 

.321 

.568 

.090 

s/n  1 

After  tightening 
to  75  in. /lb. 
torque 

.585 

.062 

SEAL 

As  received 

.321 

.568 

.089 

S/N  2 

See  Note  1 

.312 

.570 

.056 

2nd  SPACER- 
RETAINER 

Used  with  s/N  2 
Seal 

.570 

.051 

NOTE;  1.  Measurements  taJcen  after  seal  was  removed  from 
manifold  but  still  retained  in  spacer-retainer. 
The  0.056  inch  depth,  an  expansion  of  O.OO6 
after  removal,  is  an  indication  of  seal  resili¬ 
ency. 


A  new  seal;  s/N3;  with  a  measured  depth  of  0.093  -  0.094  Inch  was 
installed  in  a  0.045  inch  cavity  which  req.uired  a  torque  of  285  in. /lb. 

On  a  5/16-24  UNF  plug,  a  static  hydraulic  pressure  of  6,000  psi  was 
applied  to  the  seal  without  leakage  occiarring,  however  a  O.OO3  inch  reduc¬ 
tion  of  squeeze  caused  leakage  to  occur  at  4,500  psi.  The  seal  was  tight¬ 
ened  to  the  first  squeeze  value  (0.045  cavity),  static  pressure  tested  to 
6,000  psi  without  leakage,  and  installed  in  the  controlled  temperature  box 
for  pressure  impiilse  cycling.  The  seal  began  leaking  after  25,l88-p.i.c. 
Pressure  impulse  cycling  was  performed  in  accordance  with  the  pressure- 
time-temperature  spectrum  presented  in  the  3rd  Quarterly  Progress  Report. 

No  further  tests  were  accomplished  on  this  seal  design  as  tests  to 
date  indicate  the  resiliency  of  the  seal  to  be  so  low  as  to  render  it  un¬ 
acceptable  for  use  in  a  modular  hydraulic  system. 


CADILLAC  GAGE  SEAL  TEST 


Preliminary  tests  were  completed  on  four  Cadillac  Gage  Company  seals. 
Pertinent  physical  data  for  the  seals  tested  are  given  in  Table 
II-5  ,  and  a  view  of  the  seal  is  shown  in  Figure  II-I7.  All 

tests  performed  were  in  accoi'dance  with  the  general  test  procedure  as  pre¬ 

sented  in  specification  CVC  M.H.2. 

After  installation  of  the  seals  in  the  test  manifolds,  each  seal  was 
subjected  to  static  hydraulic  pressures  to  6,000  psi.  There  was  no  evi¬ 
dence  of  leakage  and  the  seals  were  then  placed  in  the  temperature  box  for 

pressure  impulse  cycling  to  6,000  psi  and  450°P  in  accordance  with  the 

pressure-time-tenrperature  spectrum.  One  seal  (CGS4l-0563)  failed  after 
9,490  p.i.c.  and  another  (CGS4l-l438)  fedled  after  47,356  p.i.c.  The  two 
remaining  seals  completed  50>000  p.i.c.  without  evidence  of  leakage. 

Upon  completion  of  tests,  the  seals  were  removed  from  the  manifolds 
and  the  seal  and  manifold  mating  surfaces  examined.  Conteujt  surfaces  of 
the  manifolds  and  seals  completing  50^000  cycles  were  still  smooth  and 
showed  no  evidence  of  wear.  The  sealing  edges  of  the  CGS4l-0563  seal  were 
very  jagged  and  one  surface  of  the  manifold  had  developed  an  erosion-like 
ring.  The  sealing  edges  of  the  CGS4l-l438  were  jagged  and  both  mating 
surfaces  of  the  manifold  were  just  slightly  eroded. 

One  seal  completing  the  50,000  cycles  (CGS4l-08l3)  was- set  up  for 
reverse  pressure  testing.  The  seal  was  found  to  relieve  at  a  pressure  of 
3,700  ±  100  psi  and  no  further  reverse  pressure  tests  were  performed. 

The  squeeze  and  cavity  dimensions  were  the  same  as  for  normal  pressure 
tests. 


Squeeze  on  the  Cadillac  Gage  seals  is  controlled  by  the  seal  shoulder 
as  shown  in  Figure  II-I7  .  Vendor  tolerances  on  the  seal  range 

from  0.002  inch  to  0.020  inch;  however,  of  20  seals  measured,  the  squeeze 
was  between  0,004  and  O.OO6  inch.  Because  it  has  been  determined  that 
seal  cavity  machining  tolerances  will  cause  squeeze  to  vary  O.OO8  inch 
between  cavities,  this  seal  was  eliminated  from  further  consideration. 
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TABLE  II~5 

CADILLAC  GAGE  SBAIi  TEST  DNSA 


PART 

NUMBER 

SEAL 

CAVITY  ■ 

I.D. 

Inches 

O.D. 

Inches 

Squeeze 

Inches 

O.D. 

Inches 

Finish 
,  RMS'» 

CGS41-0563 

.299 

.561^ 

.005 

.576 

32 

CGS41-0813 

.5*^7 

.815 

.005 

.826 

32-50 

CGSiH-1188 

.919 

1.188 

.006 

1.201 

32 

cgs1h-i438 

1.171 

1.438 

.005 

1.451 

32 

*  Finish  check  made  hy  comparison  with  a  surface  checkboard 
conforming  to  ASA-B46,  SAE,  MIL-STD-10  and  NAS  30  stand¬ 
ards  for  designation  and  control  of  surface  finish  of 
precision  machine  parts. 


CADILLAC  gage  seal 
FIGURE  31 -n 


DOUBLE  SEAL  TEST 


vStatic  leakage  tests  were  performed  on  two  san^ple  sets  Of  Double 
Seals  supplied  by  the  Double  Seal  Ring  Company,  Fort  Worth,  Texas.  The 
seal  consists  of  two  parts,  an  inner  steel  estpander  and  an  outer  steel 
ring,  both  having  a  rectangular  cross-section.  A  view  of  the  seals  and 
the  test  manifold  are  shown  in  Figure  11-18. 

The  outer  diameter  of  the  dummy  piston  on  which  the  seals  were 
Installed  measured  1.497  inches  and  the  cylinder  bore  diameter  was  1,501 
inches.  Surface  finish  of  the  cylinder  bore  measured  1.5  to  2.5  RMS.  The 
svirface  finishes  of  the  seals  and  the  lands  of  the  dummy  piston  could  not, 
be  measured  but  looked  comparable  to  that  of  the  cylinder  bore. 

■  Using  MLO-8200  hydraulic  fluid  at  room  temperature,  static  hydraulic 
pressure  of  100  psi  and  4,000  psi  was  applied  to  the  center  port  of  the 
test  manifold  with  the  dummy  piston  and  seals  installed  as  shown.  Fluid 
leakage  past  each  seal  while  under  pressure  was  channeled  through  the  end 
ports  and  into  a  graduate.  Leakage  rate  at  100  psi  was  10  cc/min.  and 
28  cc/min.  for  each  seal,  respectively;  and  at  4,000  psi,  it  was  22  cc/min. 
and  28  cc/min.  No  further  testing  of  this  seal  design  is  planned  since  its 
leakage  rate  is  so  high  as  to  render  it  impractical  for  use  in  the  modular 
program. 


CHANCE  VOUGIff  X-SEAL 


Installation  and  static  hydraulic  pressure  tests  were  performed  on 
one  Chance  Vought  CVP-U242-3  X-Seal  which  is  shown  in  Appendix  1.  The 
seal  is  composed  of  two  foxmed  pieces  brazed  together  to  form  a  ring, 
having  an  X-shaped  cross-section.  The  seal  design  is  intended  to  be 
capable  of  withstanding  both  normal  and  reversed  pressure  applications. 

The  tests  included  installation  of  the  seal  in  a  test  housing, 
squeezing  the  seal  various  amoimts  and  performing  static  hydraulic  pres- 
siire  tests  at  each  value  of  seal  squeeze.  During  each  test,  static 
hydrailLic  pressures  were  applied  first  to  the  seal  I.D.  and  then  to  the 
seal  O.D.,  slowly  I’aising  the  pressure  to  6,000  psi  each  time  or  until 
leakage  occurred.  The  seals  free  depth  was  carefully  checked  before  and 
after  each  installation.  Physical  installation  of  the  seal  for  tests  is 
shown  in  Figure  .11-19  and  results  of  tests  are  presented  in  Table  II-6. 

The  photograph,  page  liJ-3  ,  shows  the  seal  after  it  had  collapsed  radi¬ 
ally  due  to  the  6,000  psi  reversed  pressure.  As  shown  in  the  figure,  the 
seal  was  not  closely  supported  in  a  radial  direction  during  testing. 

Tests  results  indicated  poor  sealing  performance  of  the  seal;  how¬ 
ever,  in  this  particular  seal,  this  was  a  resxlLt  of  a  tolerance  problem 
in  the  manufacture  of  the  seal  and  not  necessarily  a  result  of  the  seal 
design.  The  seal  did  not  leak  with  6,000  psi  hydraulic  pressure  applied 
in  the  reverse  direction  even  though  the  squeeze  on  the  outer  lips  of'  the 
seal  was  only  0.00?  inch.  This  was  also  true  after  the  seal  had  collapsed 
dixring  the  application  of  reverse  pressure.  The  seal  tested  had  a  meas¬ 
ured  depth  which  varied  from  O.O505  inch  to  O.O70O  inch,  whereas  the 
design  specified  a  depth  of  0.064  ±  0.005  inch. 

Based  upon  the  partially  successfiiL  test  results  obtained  on  this 
seal  and  its  possibilities  of  low  cost,  a  decision  was  made  to  fabricate 
four  more  of  these  seals  for  additional  testing.  An  attempt  was  made  to 
secure  better  quality  seals  by  holding  the  brazing  fixtures  to  closer 
tolerances. 

Hydraulic  tests  were  performed  on  four  additional  CVP-4242-3  "X" 
seals.  All  tests  were  performed  using  a  test  housing  as  shown  in  ELgure 
II-I9  .  Test  details  and  results  for  the  four  seals  tested  are  shown  in 
Table  II-7. 

Sealing  capability  for  the  "X"  seal  design  was  found  to  be  very  good 
at  room  temperature;  however,  tests  performed  to  determine  its  effective¬ 
ness  at  elevated  temperatures  were  not  encouraging.  The  seal  was  found 
to  require  close  diametral  support  to  prevent  yielding  of  material  under 
hydraulic  proof  pressure  of  6,000  psi.  The  force  versus  deflection  curve 
shown  in  Figure  11-20  points  out  that  deflection  forces  are  completely 
unacceptable.  It  is  apparent  that  considerable  development  will  be  neces¬ 
sary  to  perfect  the  "X"  seal.  Since  the  modular  program  did  not  include  ■ 
funds  for  such  a  program,  the  "X"  seal  was  dropped.  A  design  drawing  of 
the  "X"  seal  is  seen  in  C7C  4242. 
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FIGURE  IT  - 19 


CHANCE  VOUGHT  V-SEAL 
IN  TEST  HOUSING  . 


TABIJS  II -6 


CHANCE  VOUGHT  X-SEAL  TEST  RESULTS 


CAVITY 

DEPTH 

(inches) 

SEAL  DEPTH*  (inches) 

PERFORMANCE  DURING  PRESSURE 
APPLICATION'^** 

Inner 

Min.  .  Max. 

Outer 

Min.  Max. 

Pressure  'to 

I.D. 

Pressure  to’ ’ 
O.D. 

** 

.0505 

.0555 

.0630  .0700 

- 

- 

.o6h 

.0502 

.0555 

.0628  .0668 

Would  not  seal 

Would  not  seal 

• 

o 

ON 

.0515 

.0559 

.0555  -0562 

Sealed  to  900 
psi 

Sealed  to  6,000 
psi,  but  col¬ 
lapsed  radially 

CO 

O 

• 

.0479 

.0494 

.0487  .0500 

Would  not.  seal 

Sealed  to  6,000 
psi,  although 
previously  col¬ 
lapsed  . 

NOTES;  *  Depth  measiurements  were  made  in  12  marked  locations 
each  around  the  circumference  of  the  seal's  inner  and 
outer  lips  before  testing  and  after  removal  from  each 
test  set-up  with  cavity  depths  shown.  Maximum  and 
minimimi  locations  were  not  always  repetitive. 

**  Depth  measurements  ore  for  new  seal  as  received. 

***  All  tests  were  performed  with  fluid  and  ambient  tem¬ 
peratures  of  75  ±  10  degrees  Fahrenheit. 


lAJBLE  II. 


I 

I 


I41|. 


><! 


X3 
■  -If 


w 

- 

^  O 

S  H 


I 


0 


<X) 


0 

I 

g 


P4 


w 

2 

(j  a» 

to  o 


CO 


ca  'S 
"S 

cn 

0)  o 

03  • 


-  0) 

a  ^  ^ 
O  M  to 


VO 

Lr\ 

o 


tn 

H 


(VJ 

VO 


ir\ 

cvi 

• 

H 


O 

ir\ 


O 

-t- 

'8 

• 

I 

lA 

o\ 

lA 

O 


S' 
dl'S 


CVI 

lA 

O 


lA 

CVI 


CVJ 

VO 


tA 

CVI 


O 

lA 


uO 

H 

'g 


CVJ 


O 

'g 


lA 

CVI 


CVI 

VO 


lA 

CVI 


O 

lA 


CO 

cn 

'g 

I 

r-- 

H 

'g 

*• 

tA 

VO 

'g 

« 

I 

CO 

o 

VO 

o 


'g 

ft 

H 


H 

lA 


tA 

CVI 


O 

lA 


.  c — 

CT\ 

lA 

O 

i 

CO 

tA 

O 


S' 

g 

ft 

I 

g 


VO 


I 


I 

I 

I 

I 

I 

I 

I 


5EE  SHEET  ONE  FOR  NOTES. 


HARRISON  SEAL  TEST 


A  total  of  29  Harrison  metallic  boss  seals  (Figure  11-21)  under¬ 
went  testing.  All  seals  other  than  sample  seals  were  visually  and  dimen¬ 
sionally  checked  for  conformance  with  the  manufacturer's' specifications . 

All  seals  were  Installed  on  NB-type  or  laboratory-made  hydraulic  fittings 
which  conformed  to  MS  standards.  They  were  then  subjected  to  a  static 
leakage  test  at  10,  4,000  and  6,000  psi  before  undergoing  p.i.c.  (pressure 
impulse,  cycle)  testing  to -6,000  psi  at  approximately  35  cycles  per  minute. 
Sample  seal  testing  did  nbt  conform  to  any.  particul.ar  temperature-time- 
spectrum,  however  almost  all  p.i.c.  testing  was  performed  at  450  ±  10°F. 

The  temperature-time  spectrum  during  p.i.c.  testing  of  all  other  seals  was 
in  accordance  with  the  General  Test  Procedure  for  Metallic  Seals,  Appendix 
II-3  except  for  certain  time  lapses  caused  by  malfunctions.  Detection  of 
small  amounts  of  leakage  during  p.i.c.  at  elevated  temperature  was  very 
difficult.  The  methods  employed  in  detecting  leakage  were’:  (l)  checking 
for  smoke  in  heating  air  escaping  from  temperature  box;  (2)  change  of 
captive  fluid  volume  contained  in  the  test  seal  fittings  and  the  intensi- 
fier  as  indicated  by  an  indicator  rod.j  and  (3)  visual  observation  of  seals 
and  fittings  after  completion  of  a  test  run  at  high  temperature.  A  view 
of  the  set-up  for  p.i.c.  testing  is  shown  in  the  photograph,  page  154' 

This  photograph  shows  the  initial  set  of  sample  seals  with  companion  fit¬ 
tings  in  the  temperature  box.  A  recording  of  a  pressure  impulse -time 
cycle  made  during  p.i.c.  testing  is  shown  in  Figure  11-22,  which  is 
typical  for  all  p.i.c.  testing.  The  extent  of  testing,  initial  torque,  and 
final  torque  values  for  individual  test  peals  is  shown  in  Table  11-8. 

Sample  Seals 


Sample  seals  were  received  prior  to  the  formal  test  seals  and  are 
identified  by  the  letter  "S"  in  their  serial  number.  Tests  were  begun  on 
these  samples  before  the  formulation  of  a  formal  test  plan  in  order  to 
gain  preliminary  information  which  would  be  useful  in  writing  a  test  plan. 
Since  the  sample  seal  testing  did  not  Initially  conform  to  the  formal  test 
plan  and  since  they  occupied  very  little  space  in  the  temperature  box, 
they  were  allowed  to  continue  being  subjected  to  p.i.c.  testing  without 
regard  to  a  specific  total  number  of  cycles  as  an  objective. 

All  sample  seals  completed  a  total  of  176,600  p.i.c.  Initially  they 
were  torqued  to  the  minimum  torque  values  as  specified  by  specification 
CVC  12-l82a.  After  6,8o4  p.i.c.,  the  -12  seal  began  leaking.  The  seal 
was  removed  and  visually  inspected.  It  required  approximately  50  in. -lb. 
torque  to  remove  the  seal,  whereas  it  had  been  installed  at  under  500  in.- 
lb.  torque.  It  was  noted  that  the  teflon  had  begun  to  peel  from  the  seal. 
The  seal  was  installed  again  and  torqued  again  to  5OO  in. -lb.  All  other 
sample  seals  were  torqued  to  the  original  torque  values  with  some  rotation 
occurring  in  all  cases.  Pressure  impulse  cycling  was  then  resumed  with  no 
leakage  until  after  a  total  of  17,966  p.i.c,  when  one  -6,  the  -10  and  -12 
seals  were  found  to  be  leaking.  They  were  torqued  again  to  the  original 
torque  values  and  leakage  stopped. 


Afttr  oonvltting  SO, 100  p.i.o.,  all  ssala  war«  ralaaitd  and  r«» 
torquad  to  th*  minimum  torque  value a  recommended  by  the  Harrison  Baal 
Company;  i»e.,  4o,  60,  132  and  190  ini- lb.  for  the  -4,  -6,  -10,  and  -18 
seals,  respectively.  Thie  information  was  not  available  prior  to  this 
time. '  Testing  was  resumed  and  at  the  end  of  26,857  p.i.e.  The  -18  seal 
was  leaking  slightly.  Retorquing  to  190  in.««lb.  stopped  leakage.  After 
26,476  p. 1.0.,  both  the  -10  and  -12  seals  were  leaking.  Leakage  was 
stopped  by  retorquing  to  132  in. -lb.  and  190  In.-lb.,  respectively,  with 
some  rotation  occurring.  At  the  end  of  89,359  p.l.c.,  the  -18  seal  was 
again  leaking.  The  seal  was  again  torqued  to  19O  in. -lb.  with  resultant 
rotation  and  stoppage  of  leakage.  At  the  end  of  30,106  cycles,  the  -10 
and  -12  seals  were  leaking  again.  Leakage  was  stopped  again  by  torquing 
to  132  and  190  , in. -lb.,  respectively.  Also  at  this  point  all  other  seals 
were  retorqued  to  the  minimum  Harrison-recommended  torque  values  with 
rotation  occurring  in  all  cases.  All  companion  fittings  to  the  seals  were 
then  safety-wired  to  prevent  their  backing  off.  Continuing  testing, 
131;677  p«i.e.  were  completed  without  leakage  on  the  -4  and  -6  slaes; 
however,  some  seepage  continued  to  occur  on  the  -10  and  -12  seals  even 
though  the  torque  was  ultimately  raised  to  600  and  600  in.-lb.,  respec¬ 
tively.  After  a  total  of  163,000  p.i.e.,  one  -6  and  the  -12  seal  were  . 
again  found  to  be  leaking  slightly.  Lsakage  was  stopped  by  tightening 
each  to  a  value  In  excess  of  the  AND  10064  value.  No  further  leakage 
occurred  and  testing  was  stopped  after  176,600  p.l.c. 

Test  Seals  -  Set  1 

The  first  full  set  of  formal  test  seals  included  one  each  of  a 
teflon-coated  and  a  goldplated  seal  in  a  -6,  -10,  -16,  -80,  and  -26  sice. 
The  seals  were  installed  on  fittings  torqued  to  the  minimum  value 
recommended  by  the  Harrison  Seal  Conq^any  and  then  safety-wired.  All 
seals  passed  the  static  leakage  test  under  the  initial  torques  with 
exception  of  the  -16  goldplated  seal.'  Torque  on  this  seal  was  ultimately 
raised  to  1,020  In.-lb.  without  effecting  a  seal.  The  MB  21915-16-lOC 
fitting  in  which  it  was  installed  was  found  to  have  a  slight  dent  in 
the  chamfer  area  of  the  boss  which  mated  with  the  seal.  The  fitting  was 
replaced.  The  seal  then  required  a  torque  of  640  in.-lb.  to  effect  a 
seal  at  6,000  psi.  A  lower  torque  value  perhaps  would  have  been  suffi¬ 
cient  had  not  the  seal  already  been  subjected  to  a  higher  torque  on  the 
previous  fitting. 

After  4,600  p.l.c.,  all  seals  had  begun  leaking  with  the  exception 
of  the  -6  and  -10  goldplated  seals.  All  leaking  seals  were  retorqued  In 
an  effort  to  effect  a  seal.  Seal  size,  initial  torque,  torque  causing 
rotation  to  begin,  and  final  torques  in  in.-lb.  listed  in  that  order  are 
as  follows: 


-  6CR 

60, 

25, 

70 

-28cR 

410 

1008 

-lOCR 

132, 

90, 

150 

-28AG 

1170, 

1290, 

1920 

-16CR 

237, 

280 

-20A0 

835, 

648, 

1044 

-20CR 

293, 

160, 

330 

-16AG 

675, 

648, 

1332 

All  seals  except  the  -28CR  and  -16AG  stopped  leaking  under  the  above 
torques.  All  seals  were  then  removed  and  both  the  seals  and  fittings 
were  visually  examined.  The  teflon  and  goldplating  were  found  to  be 
peeling  from  most  seals  as  shown  In  the  photographs,  pages  157  80.158, 


Also,  the  inner  sealing  edges  of  the  seals  and  the  surfaces  of  the 
fittings  mating  with  the  inner  sealing  edges  of  the  -28CR  and  -16AG 
seals  were  found  to  have  become  slightly  eroded  similar  to  that  found 
in  other  fittings. 

Two  additional  -20  seals  (a  teflon-coated  and  a  goldplated  seal) 
were  tested  through  a  total  of  50,000  p.i.c.  Both  seals  were  initially 
installed  on  fittings,  safety-wired  and  torq,ued  to  297  in. -lb.  each. 

Both  seals  passed  the  static  leakage  test  satisfactorily.  After  20,860 
p.i.c.,  both  seals  had  begun  leaking.  It  was  discovered  at  this  point 
that  the  minimum  torque  on  the  goldplated  seal  Initially  should  have 
been  835  in. -lb.  per  the  Harrison  Company.  The  seal  had  been  torqued 
inadvertently  to  the  same  value  as  required  for  teflon-coated  seals 
(Table  II-9).  The  goldplated  seal  was  then  torqued  to  835  in. -lb. 
and  the  teflon-coated  seal  was  retorqued  to  297  in. -lb.  Both  seals 
leaked,  however,  when  subjected  to  the  static  pressure  leakage  test. 

Upon  disassembly,  the  faces  of  both  MS  219l6-20-l6C  fittings  on  which  the 
seals  were  installed  were  found  to  contain  eroded  annular  grooves  which 
mated  with  the  inner  sealing  edge  of  the  seal.  The  faces  of  both  fittings 
were  reworked  by  sanding  and  restored  to  their  original  finish.  Since 
the  teflon  t.he  teflon-coated  seal  was  now  in  poor  condition  (similar  to 
that  in  photograph,  pagel57),  it  was  completely. stripped  away  with  a 
soft  brass  tool.  Both  seals  were  then  installed  on  the  reflnished  fittings 
and  each  torqued  to  835  in, -lb.  The  seals  then  passed  the  static  leak¬ 
age  test  satisfactorily. 

Pressure  impulse  testing  was  resumed.  At  the  end  of  36,8^7  p.i.c., 
both  seals  were  again  leaking.  Seals  were  alternately  torqued  and  static 
pressure  tested  vintll  a  torque  of  1,300  in. -lb.  was  reached.  At  this 
point,  the  goldplated  seal  passed  the  static  leakage  test  satisfactorily, 
however  the  teflon-coated  seal  continued  to  seep  slightly  when  pressurized 
to  6,000  psi.  Torque  was  increased  no  further  and  pressure  impulse  test¬ 
ing  was  continued  until  a  total  of  50,000  p.i.c.  had  been  completed. 

Some  seepage  was  noted  to  have  occurred  on  both  seals  at  various  times 
during  the  completion  of  the  pressure  impulse  cycling.  The  seals  were 
removed  from  the  fittings  and  both  the  seals  and  fittings  were  visually 
inspected.  There  were  eroded  annular  grooves  in  two  of  the  fittings. 

The  seals  were  similarly  eroded  but  to  a  lesser  degree. 

The  results  of  tests  on  this  particular  set  of  seals  indicated 
that  once  leakage  under  high  pressure  has  occurred,  effecting  a  seal 
becomes  difficult  if  not  impossible  due  to  erosion  of  the  sealing  sur¬ 
faces  caused  by  leakage.  It  was  decided  at  this  time  to  discontinue 
tests  on  this  set  of  seals  and  set  up  a  new  set  of  seals  on  new  or 
reflnished  fittings  and  torque  them  to  a  much  higher  initial  value. 

It  was  felt  that  a  higher  torque  perhaps  would  enable  the  seal  to  con¬ 
tinue  sealing  even  after  extrusion  of  the  teflon  finish  or  yielding  of 
the  gold  finish. 
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Test  Seals  -  Set  2 


The  second  full  set  of  fonnal  test  seals  included  one  each  of  a 
teflon-coated  and  a  goldplated  seal  in  a  -6,  -10,  -16,  -20  and  -28  size. 

The  seals  were  installed  on  fittings,  torqued  to  approximately  the 
highest  values  specified  by  AHD  1006h  (see  Table  II-9);  and  then 
safety -wired.  The  seals  completed  the  static  leakage  check  satisfactorily. 
All  seals  other  than  the  -l6  and  -28  teflon-coated  seals  were  subjected 
to  61,450  p.i.c.  without  leakage.  After  8,660  p.i.c.,  the  -16  and  -28 
teflon-coated  seals  were  found  to  be  leaking. 

The  -16  teflon-coated  seal  was  retorqued  to  1,368  in, -lb.  after 
which  no  further ' leakage  occurred- during  the  remainder  of  the  28,591 
p.i.c.  In  retorqulng  the  seal,  it  was  noted  that  rotation  of  the  fit¬ 
ting  began  at  approximately  648  in.-lb.  and  turned  approximately  20° 
before  reaching  the  1,368  in.-lb.  level.  Although  this  seal  ^'ra.s  not 

visually  examined  after  leaking,  it  is  believed  that  the  loss  of 
squeeze  on  the  seal  was  caused  by  loss  of  the  teflon  coating  on  the 
seal's  sealing  edge. 

The  -28  teflon-coated  seal  was  torqued  to  3^360  in.-lb.  without 
effecting  a  seal  under  static  pressure  of  6,000  psi.  The  seal  was 
then  removed  and  visually  examined.  No  cause  was  apparent  for  its  failure 
to  seal.  A  new  -28  teflon-coated  seal  was  then  installed  in  place 
of  the  leaking  seal.  This  seal  was  torqued  to  the  AND  10064  torque 
value  also.  It  passed  the  static  leakage  test  satisfactorily.  After 
7,090  p.i.c.,  this  seal  also  began  leaking.  The  seal  was  removed  and 
again  no  apparent  cause  could  be  found  for  the  leakage.  As  with  the 
previous  seal,  leakage  had  occurred  between  the  seal  and  the  same  -28 
laboratory-made  union.  To  eliminate  the  possibility  of  the  union  being 
at  fault,  the  union-to-seal  mating  surface  of  the  union  was  reworked  to 
a  finish  considerably  better  than  the  minimum  finish  required  b>’  Uie 
Harrison  Company. 

Another  new  -28  teflon-coated  seal  was  then  installed  and  torqued 
to  the  AND  10064  torque  value.  This  seal  passed  the  static  leakage 
test  satisfactorily;  however,  after  setting  overnight  and  prior  to 
pressure  impulse  cycling,  a  static  pressure  test  was  again  run  on  the 
seal.  The  seal  began  leaking  as  the  pressure  was  raised  to  approximately 
3,000  psi.  Increasing  the  pressure  to  6,000  psi  would  sometimes  effect 
a  seal  and  sometimes  v;ould  not.  The  seal  was  removed,  seal  and  mating 
surfaces  were  visually  examined,  and  no  cause  for  leakage  could  be  found. 
By  marking  the  seal  and  fittings  and  locating  the  seal  in  various 
rotated  positions  heiv/een  the  fittings,  it  was  noted  that  the  point  of 
efflux  of  fluid  during  pressure  application  was  always  in  the  same  spot 
relative  to  the  seal.  Closer  visual  examination  of  the  seal  in  the 
leakage  area  still  revealed  no  apparent  cause  for  leakage.  No 
further  testing  was  performed  on  this  size  of  teflon-coated  seal. 
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Special  Test  Seal 

One  -16  teflon-coated  seal  was  received  from  the  Harrison  Seal 
Company  which  was  already  Installed  in  their  fittings  and  was  tightened 
to  260  in.*.*lb.  torque.  The  seal  was  tested  at  static  pressures  of 
10,400  and  6,000  psi  with  no  evidence  of  leakage.  The  seal  and  fittings 
were  installed  in  the  temperature  box  and  pressure  impulse  cycling  was 
started.  After  12,500  p.i.c.  at  temperatures  to  450°F,  the  seal  was 
found  to  be  leaking.  The  leakage  rate  was  small  and  the  cycling  was 
continued.  After  a  total  of  22,213  p.i.c.,  the  seal  and  fittings  were 
removed  because  the  leakage  rate  had  become  excessive.  The  seal  was 
subjected  to  slowly  Increasing  pressure  at  room  temperature.  At 
approximately  4,000  psi,  the  seal  started  to  leak.  No  physical  changes 
were  made  to  the  seal  or  fittings  and  no  further  tests  were  performed. 

Conclusion 


On  the  basis  of  the  above  tests,  the  results  indicate  the 
following;  (1)  Harrison  torque  values  for  teflon-coated  seals 
are  too  low,  (2)  Goldplated  seals  are  superior  to  teflon-coated,  (3) 

Seala  are  more  effective  at  room  temperature  than  at  elevated  temperatures, 
(4)  Seals  that  leak  at  one  pressure  sometimes  seal  at  a  high  pressure, 
and  (5)  Stopping  leakage  becomes  more  difficult  the  longer  a  seal  is 
pressure  cycled. 
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TYPICAL  TEST  SEALS  WITH  FITTINGS  IN  TEMPERATURE  BOX. 

UNIT  53U1I2  3  JUNE  1959 


FIGURS  11-22 
METALLIC  SEAL  TEST 
OSCILLOGRAPH  RECORDING 
TYPIC^  PRESSURE  IMPULSE  CYCLE 


Cycle  sequence  ♦  (Ref.  RLg.  VI-5) 

(l)  Valves  (c)  closed  (d)  open  to  return 

(1)  -  (2)  Valve  (c)  closed.  Valve  (d)  as  shown  in  Pig.  VI-5. 

Relief  valve  (a)  controls  pressure  to  intensifier 

(2)  -  (3)  Valve  (c)  opens.  Valve  (e)  remains  as  shown  in  Pig.  VI-5. 

Relief  valve  (b)  controls  pressure  to  intensifier 

(3)  -  (*<■)  Agastat  timer  delay 

(4)  -  (5)  Valve  (c)  closes.  Valve  (d)  opens  to  return. 

(5)  -  (1)  Agastat  timer  delay?  ready  for  next  cycle 


Q2ABLE  II-8 


HARRISON  MmLLIC  BOSS  SEAL  TEST 


Sample 

Seals 


tenutacturer 
Part  Number 

Finish 

Totai  Impulse 
Cycles 

Torque  In. 
Initial 

T57 - 

Pinal 

Leakage 

12100CR  4 

Teflon 

176,600 

100 

40 

No 

12100CR  6 

Teflon 

176,600 

175 

60 

Yes 

12100CR  6 

Teflon 

176,600 

175 

60 

No 

12100CR10 

Teflon 

176,600 

325 

600 

Yes 

12100CR12 

Teflon 

176,600 

500 

800 

Yes 

12100CR  6 

Teflon 

4,600 

60 

70 

Yes 

12100CR  6 

Teflon 

61,450 

300 

300 

Yes 

12100CR10 

Teflon 

4,^00 

132 

150 

•  Yes 

12100CR10 

Teflon 

61,450 

684 

684 

Yes 

12100CR16 

Teflon 

4,600 

237 

280 

Yes 

12100CR16 

Teflon 

61,450 

13681 

1368 

Yes 

12100CR20 

Teflon 

50,000 

297 

925 

Yes 

12100CR20 

Teflon 

4,600 

293 

330 

Yes 

12100CR20 

Teflon 

61,450' 

1692 

1692 

No 

12100CR28 

Teflon 

4,600 

4i0 

1008 

Yes 

12100CR28 

Teflon 

8,660 

2412 

3360 

Yes 

12100CR28 

Teflon 

7,090  . 

•  2412 

2412 

Yes 

12100CR28 

Teflon 

0 

2412 

2412 

Yes 

12100AG  6 

Gold 

4,600 

180 

180 

No 

12100AG  6 

Gold 

61,450 

300 

300 

No 

12100AG10 

Gold 

4,600 

377 

377 

No 

12100AG10 

Gold 

61,450 

684 

684 

No 

12100AG16 

Gold 

4,600 

675 

1332 

Yes 

12100AG16 

Gold 

01,450 

1368 

1368 

No 

12100AG20 

Gold 

50,000 

297 

1380 

Yes 

12100AG20 

Gold 

4,600 

835 

1044 

Yes 

12100AG20 

Gold 

61,450 

1692 

1692 

No 

12100AG28 

Gold 

4,600 

1170 

1920 

Yes 

12100AG28 

Gold 

61,450 

2412 

2412 

No 

TABLE. II-9 


RECOMMENDED  TORQUE  VALUES 


SEAL 

SIZE 

IN.  LB.  TORQUE  PER  NOTE 

i  ^  2 

3 

4 

-  4 

-  6 

-10 

-12 

-16 

-20 

-28 

100  -  150 

175-  300 

4oo  -  700 

500  -  800 

135  -  150 

270  -  300 
650  -  700 
900  -  1000 

1200  -  1400 

1490  -  1705* 

2110  -  2440* 

40  -  57 
60-80 

132  -  155 

190  -  220 

237  -  270 

293  -  333 

410  -  46o 

120  -  153 

180  -  215 
377  -  ^27 
545  -  610 
675  -  750 
835  -  925 
1170  -  1260 

NOTES: 

1.  Specification  CVC  12-l82a  -  Assembly  and  Usage  of  I(y-dra\ilic 
and  Pneumatic  Hose,  Tubing,  and  Fittings  -  dated  12  March 
1959  (for  Flareless  Tube  Connectors  -  Steel) 

2.  AND  10064  Fittings  -  Installation  of  Flared  Tube,  Straight 
Thread  Connectors  (AN  818  Nut  on  Flared  Steel  Tubing) 

3.  Harrison  Seal  Company  for  Teflon-Coated  Seals  ' 

4.  Harrison  Seal  Company  for  Goldplated  Seals 

.  *  Extrapolated  Values  Based  on  Seal  I.D.  Circumference 

(inches)  to  Port  Threads  per  Inch 
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HARRISON  FACE  SEAL  TEST 


A  total  of  Harrison  roetallic  face  seals  underwent  preliminary 
testing.  The  face  seals  tested  were  of  two  different  configurations  -  the 
12130  configuration  (Figure  11-23  )>  'the  12110  configuration 

(Figure  11-24  ).  The  12130  configuration  is  made  in  sizes  up 

through  0.750  inch  outside  diameter^  while  the  12110  configuration  is  made 
in  sizes  of  O.5OO  inch  outside  diameter  or  larger.  All  seals  tested  were 
either  goldplated  or  teflon-coated. 

Pliysical  examination,  seal  installation,  static  pressure  and  pressure 
impulse  testing  of  the  seals  were  performed.  Leakage  detection  during  pres¬ 
sure  impulse  cycling  was  provided  by  clear  sight  tubes  partially  filled  with 
hydraulic  fluid  and  connected  to  the  non-pressurized  test  seal  cavity. 

Fluid  leaking  by  the  test  seal  displaced  fluid  upward  in  the  sight  glass 
which  was  in  full  view  of  the  technician  operating  the  test. 

Testing  of  the  seals  listed  in  Table  II -10  was  performed 

in  two  groups.  In  the  first  group,  one  seal  of  each  part  nuriber,  the  first 
listed,  was  initially  set  up  in  mainifolds,  static  pressure  tested  and  then 
pressure  impulse  cycled  until  failure  or  until  a  minimum  of  50,000  p.i.c. 
had  been  performed.  The  second  group  consisted  of  one  seal  of  each  part  . 
number,  the  second  list,  and  were  tested  in  the  same  manner  as  the  first 
group.  The  second  group  of  seals  were  tested  in  the  same  manifold  cavi¬ 
ties  as  the  first;  however,  any  damaged  cavity  surfaces  were  first  restored 
by  very  light  sanding  with  No.  600  grit  abrasive  paper. 

After  completion  of  the  normal  pressure  impulse  cycling,  the  two 
teflon-coated  seals,  12130CR14  S/N  2  and  12110CR150  s/N  1,  were  set  up  for 
reversed  pressure  testing.  The  plugs , holding  the  seals  in  the  manifolds 
were  removed  and  the  seals  were  examined  and  found  to  be  in  good  condition. 
The  seals  were  not  removed  from  the  cavity.  The  plugs  were  then  replaced 
and  static  hydraulic  pressure  was  applied.  Neither  seal  passed  the  static 
pressure  tests,  both  relieving  at  pressures  below  3^000  psi. 

After  completion  of  the  pressui-e  impulse  cycling,  all  test  manifolds 
were  disassembled  for  examination  of  the  seal  and  manifold  mating  surfaces. 
In  general,  the  contact  surfaces  of  manifolds  and  seals  showed  very  little 
change  in  all  cases  where  no  lealcage  occurred.  In  cases  of  lealcage,  the 
seal  and  manifold  mating  surfaces  usually  showed  signs  of  scuffing  or 
erosion.  No  particular  reasons  were  apparent  for  variations  in  leakage  for 
the  same  size  seal.  Apparently,  leakage  which  occurred  after  static  pres¬ 
sure  tests  and  during  pressure  impulse  cycling  may  be  attributed  to  factors 
not  normally  detectable,  such  as  minute  seal  or  surface  scratches  or  sur¬ 
face  deflections  under  pressure.  The  teflon  coating  on  the  seals  is  con¬ 
sidered  of  no  practical  value  under  the  conditions  tested,  since  in  all 
cases  it  vras  found  to  have  peeled  away  from  the  sealing  surface  after 
being  subjected  to  the  450°F  environment  and  high  impulse  pressures. 
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Preliminary  Hl"Ceal  Testing 


Preliminary  tests  were  performed  on  .125  inch  and  .003  inch 
cross-section  Hi-Ceals  early  in  the  program  in  conjunction  vith 
suitahility  tests  heing  performed  on  various  types  of  static 
seals.  Extended  development  effort  and  testing  of  the  Hi-Ceal  is 
described  in  Section  II  and  Appendix  II-9*  Results  of  the  pre¬ 
liminary  testing  were  as  follows ; 

Tests  -  .125  inch  cross-section  seals  -  The  first  7/8 
O.D.  sample  seal  having  a  measured  depth  of  0.1235  inch  was 
Installed  in  a  test  manifold  having  a  O.II85  inch  cavity 
depth.  A  view  of  the  installation  is  shown  in  Figure  11-25 
and  the  photograpli  on  pagelTO.  The  seal  was  not  supported 
on  its  O.D.  and  was  required  to  withstand  the  full  load  of 
the  hydraulic  pressure.  The  seal  had  approximately  an  8 
RMS  finish  and  the  test  manifold  approximately  a  16  RMS 
finish.  Static  hydraulic  pressures  of  10,  4,000  and  6,000 
psi  were  applied  to  the  seal’s  I.D.  without  any  evidence  of 
leakage.  The  seal  and  manifold  were  then  placed  in  the 
temperature  box  and  pressure  Impulse  testing  was  started. 

The  seal  had  to  be  removed  after  2,690  p.i.c.  because  of 
excessive  leakage.  The  manifold  was  disassembled  and  the 
seal  and  mating  surfaces  were  visually  examined.  The  seal 
and  mating  surfaces  of  the  manifold  showed  considerable 
erosion,  as  shown  in  the  photograph  on  page.  I7I.  The  mani¬ 
fold  hardness  ranged  from  Rockwell  026  to  030, 

The  finish  on  the  seal  was  restored  by  use  of  No,  500 
grit  abrasive  paper  and  crocus  cloth.  The  seal  was  then 
installed  in  a  manifold  capable  of  applying  normal  (inside 
to  out)  or  reversed  (outside  to  in)  pressure.  The  seal 
after' refinishing  had  a  measured  depth  of  0.1225  inch,  and 
the  new  cavity  depth  was  O.II78  inch.  Normal  static  hydrau¬ 
lic  pressures  to  6,000  psi  were  applied  to  the  seal  without 
leakage.  Reversed  pressure  was  then  applied  and  the  seal 
was  found  to  relieve  at  7>750ilOO  psi.  Reversed  pressure 
was  applied  several  times  with  the  same  results  each  time. 

After  relieving,  the  seal  reseated  when  the  pressure  dropped 
below  the  relieving  pressure  and  sealed  again  after  each 
pressure  application. 

Normal  hydraulic  static  pressure  was  again  applied  to 
the  seal  to  substantiate  the  7^750  psi  as  being  the  seal 
relief  pressure.  Pressure  was  gradually  raised  until  the 
seal  failed  at  a  pressure  of  8,500i50  psi.  Upon  disassembly,- 
the  seal  was  found  to  have  merely  unrolled  locally  on  one 
side  without  rupture  of  the  metal  having  occurred.  Until  the 
seal  failed,  no  leakage  had  occurred. 
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In  testing  the  second  seal,  hydraulic  pressure  was 
always  applied  in  the  reverse  direction  (from  O.D.  to  I.D.). 
The  seal  had  a  measured  depth  and  diameter  of  O.8732  - 
0.8745  and  0.125  -•  0.126  inch,  respectively.  It  was  in¬ 
stalled  in  a  test  manifold  having  a  cavity  O.II3O  inch  deep 
by  0.8765  inch  I.D.  Seal  finish  and  test  manifold  finishes 
were  approximately  8  RMS  and  16  RMS,  respectively.  Seal 
wall  thickness  was  O.OI9  inch. 

The  seal  passed  the  static  pressure  tests  satisfactorily 
and  was  placed  in  the  temperature  box  for  pressure  impulse 
cycling.  After  2,390  p.i.c.,  the  secondary  seal  (see  Figure 
II-25)  began  leaking  and  it  had  to  be  replaced.  After  reas¬ 
sembling  the  manifold,  the  test  seal  was  subjected  to  static 
pressure  tests  and  was  found  to  be  relieving  at  approximately 
4,700  psi.  The  seal  had  not  leaked  during  the  preceding 
pressure  impulse  cycling  and  it  was  not  removed  from  the 
cavity  during  replacement  of  the  secondary  seal.  The  seal 
was  removed  from  the  manifold  and  its  free  depth  now  measured 
0.115  inch,  indicating  a  permanent  set  of  about  0.010  inch 
had  occurred. 

The  cavity  depth  was  then  reduced  to  0,1065  inch  and 
the  seal  was  installed  in  the  manifold  under  its  new  squeeze 
of  0.0085  inch  (or  a  total  sq.ueeze  of  0.0195  inch  from  the 
original  seal  depth).  The  seal  passed  the  static  leakage 
pressure  tests  satisfactorily  after  being  subjected  to  a 
total  of  38,140  p.i.c.  without  any  evidence  of  leakage. 

After  44>890  p.i.c.,  this  seal  was  found  to  be  leaking  at 
room  temperature  under  a  static  reverse  pressure  of  I8OO 
ilOO  psi.  The  seal  was  removed  and  the  frepe  depth  measured 
0.1085  -  0.1090  inch.  The  seal  was  installed  again  into 
the  same  manifold  cavity  under  the  same  squeeze  and  a  sta¬ 
tic  reverse  pressure  of  3^500^  100  psi  was  found  to  cause 
relieving.  The  seal  and  manifold  were  installed  in  the  con¬ 
trolled  temperature  box  and  pressures  required  to  cause 
leakage  at  various  temperatures  were  checked.  The  following 
conditions  were  found; 

1.  Reverse  pressure  impulse  cycled  seal  at  room 

temperature  -  seal  leaked. 

2.  Under  static  reverse  pressure  with: 

a.  Oil  temperature  of  200°F,  seal  leaked  at  2,500 
psi,  reseat  pressure  unknown. 

b.  Oil  temperature  of  300°F,  seal  leaked  at  3j200 
psi,  reseat  pressure  at  2,800  psi. 

c.  Oil  temperature  of  40U°F,  seal  leaked  at  4,600 
psi.  reseat  pressure  at  4,200  psi. 

d.  Oil  temperature  of  450°F,  seal  leaked  at  6,000 
psi,  reseated  at  5,800  psi. 
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3.  Reverse  pressure  impulse  cycled  from  0  pal  to  6,000 
psi  when  oil  temperature  reached  ^4-50°?.  There  was 
no  leakage  observed. 

^4-.  Reverse  pressure  impulse  cycled  from  0  psi  to  6,000 
psi  after  oil  had  been  at  a  temperature  of  450°F 
for  30  minutes.  There  was  no  leakage  observed. 

The  seal  was  removed  from  the  test  manifold  and  checked 
for  permanent  set.  It  now  had  a  measured  depth  of  O.IO8I  to 
0.1083  inch  representing  a  total  permanent  set  of  O.OI7  inch 
from  the  new  condition.  Visually,  the  seal  appeared  unchanged 
although  the  faces  felt  rough. 

The  third  .123  cross-section  seal  having  a  measured 
depth  and  diameter  of  0.1248  -  0.1232  and  O.875O  inch, 
respectively,  was  installed  in  a  cavity  0.113  inch  deep  by 
0.8765  inch  I.D.  Seal  finish  and  test  manifold  finish  was 
approximately  8  RMS  and  16  RMS,  respectively.  Seal  wall 
thickness  was  0.019  inch. 

The  seal  passed  the  static  pressure  tests  satisfactorily 
and  was  placed  in  the  temperature  box  for  pressure  impulse 
cycling  in  the  normal  direction.  The  seal  had  then  been  sub¬ 
jected  to  50,000  p.i.c.  without  any  evidence  of  leakage. 

Upon  completing  50,000  p.i.c.,  the  seal  test,  manifold  was 
disassembled  and  the  seal  and  manifold  mating  surfaces  were 
visually  examined.  There  i^as  no  evidence  of  erosion  or  of 
any  scuffing  action  having  occurred,  however  a  very  narrow 
groove  (approximately  0.005  inch  wide  and  0.003  inch  deep) 
had  been  formed  in  the  test  manifold  mating  surfaces.  The 
manifold  hardness  ranged  from  Rockwell  026  to  C30. 

The  seal  depth  was  again  measured  and  found  to  be  0.II7 
to  0.119  inch  indicating  the  seal  had  taken  a  permanent  set 
of  approximately  O.OO6  inch.  The  outside  diameter  now  mea¬ 
sured  0.8760  to  0.8753  inch. 

Tests  -  .093  cross-section  seals  -  Static  hydraulic  pres¬ 
sure  tests  at  room  temperature  were  performed  on  several 
new  seals  having  various  wall  thicknesses  and  cavity  dimen¬ 
sions.  Three  1.0  inch  O.D.  seals  having  a  nominal  0.093 
inch  cross-section  diameter  and  a  nominal  0.019  inch  wall 
thickness  of  O.O86,  0.079^  and  0.073  inch  depth  were  Installed 
in  cavities  without  radial  support.  All  three  seals  were 
subjected  to  slowly  increasing  static  hydraulic  pressure 
to  6,000  psi  applied  internally  at  room  temperature.  There 
was  no  leakage  during  pressurization  and  during  a  10-minute 
period  at  6,000  psi.  Mating  surfaces  of  the  test  housings 
had  hardness  values  ranging  from  RC  35  to  RC  43  and  finish 
values  ranging  from  6  to  4o  RMS. 


Two  1,0  inch  O.D.  seals  having  a  nominal  0.093  inch 
cross-section  diameter  and  a  nominal  0,015  inch  wall  thick¬ 
ness  were  installed  in.  cavities  of  0.073  of  0.086  inch  depth 
and  1.0  inch  inside  diameters.  Both  seals  were  subjected  to 
slowly  increasing  static  hydraulic  pressures  to  6,000  psi 
applied  internally,  without  any  leakage  occurring.  The  seals 
were  subjected  to  slowly  increasing  static  hydraulic  pres¬ 
sures  in  the  reversed  direction.  At  5^950^50  psi  the  seal 
in  the  0.086  inch  cavity  collapsed  as  shown  in  the  photograph 
on  page  172  .  The  seal  installed  in  the  0.073  inch  cavity 
collapsed  under  a  reverse  pressure  of  9^000±50  psi.  There 
was  no  leakage  in  reverse  pressure  tests  of  either  seal  before 
collapse.  The  higher  collapse  pressure  of  the  seal  under  the 
greatest  sq.ueeze  may  be  attributed  to  the  greater  gripping 
action  imposed  upon  it  by  the  mating  surfaces  of  the  cavity. 
There  was  no  internal  radial  support  provided  for  either  seal. 

During  installation  of  test  seals,  unusually  high  torq.ues 
were  encountered.  Torques  req.uired  for  several  typical  Hi- 
Ceal  installations  are  shown  in  Table  II-ll.  Because  such 
torq.ue  values  would  become  intolerable  in  multiple'  seal 
installations  of  a  modular  unit  requiring  simultaneous 
squeezing  of  all  seals,  a  number  of  load  versus  seal  deflec¬ 
tion  tests  were  run  on  a  compression  test  machine.  Compres¬ 
sion  tests  were  run  on  seals  of  various  wall  thicknesses  in 
the  annealed  and  as-formed  condition.  Results  of  these  tests 
are  shown  in  Figure  11-26.  It  was  noted  from  the  force  de¬ 
flection  curves  that  in  both  cases  of  the  O.OI5  and  0.019 
inch-wall  seals,  the  0.015  inch-wall  seal  forces  were  the 
greater  of  the  two.  This  was,  of  course,  contrary  to  what 
was  expected  and  raised  the  question  as  to  the  seal’s  uni¬ 
formity  of  wall  thickness  and  material  condition.  Hardness 
and  wall  thickness  checks  were  made  on  a  number  of  seals,  the 
results  of  which  are  shown  in  Table  11-12.  A  wide  variance 
in  seal  wa^Ll  thickness  and  hardness  was  found.  There  also 
exists  a  wide  variation  in  the  exterior  dimension  of  the 
Hi-Ceal  as  evidenced  by  the  dimensional  check  results  shown 
in  Table  II-I3.  The  seal  depth  differential  existing  between 
the  inner  and  outer  rings  of  the  two-way  seals  would  cause  a 
wide  variation  of  squeeze  forces  on  the  two  parts  of  the 
seal. 


To  determine  what  portion  ofthe  high  torque  values 
may  be  attributed  to  thread  friction,  a  test  was  set  up  to 
measure  the  torque  required  to  cause  rotation  of  a  threaded 
plug  under  various  axial  loads.  The  threaded  plug  and  housing 
were  physically  Identical  to  and  of  the  same  material  as  that 
used  in  measuring  installation  torques  on  the  Hi-Ceals.  (See 
Section  III,  Figure  111-28. )  As  shown  in  Table  II-ll,  a  torque 
of  859  in. /lb.  was  required  to  deflect  a  1-3/8  inch  O.D.  seal 
0.008  inch.  The  force  required  to  deflect  a  similar  1-3/8  inch 
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O.D.  seal  the  same  amount  in  a  straight  compression  test  vas 
1;560  Ihs.,  per  Figure  II-27.  The  torq.ue  required  to  rotate 
the  same  plug  under  a  1,5^0  lb,  axial  load  would  be  69O  in.— 
lb.,  per  Figure III-28.  Although  there  is  a  possibility  of 
considerable  difference  of  deflection  loads  between  the  two 
seals,  it  is  obvious  that  thread  friction  accounts  for  the 
greater  portion  of  the  seal  installation  torque. 


figure:  n-z5 
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fMATERIAL-ALL  CSgS.  5TeEL> 


TABLE  II-ll 


TORQUE  OH  2-1A  -  12  UETHREADED 
PLUG  TO  DEFLECT  HI-OBAL 


SEAL 

s/n 

SEAL  (Inches  Nominal) 

APPLIED 
TORQUE 
(In. /Lb.) 

SEAL 

DEFLECTION 

(inches) 

Outside 

Diameter 

Cross- 

Section 

Wall 

Thickness 

17 

2.750 

.093 

• 

.015 

1,602 

.0044 

18 

•  2.750 

.093 

.015 

3,240 

.0064 

19 

2.750 

.093 

.015 

3,840 

.  .0069 

21 

1.375 

.093 

.015 

859 

.0080 

22 

1.375 

.093 

.015 

1,320 

.0160 

MOTES: 

1.  Seal,  seal  cavity  and  threads  were  lubricated  with  MLO-8800 
hydraulic  fluid  before  installation. 

2.  Seal  material  was  Type  304  stainless  steel  and  torques  were 
measured  on  seals  in  the  as- formed  condition. 
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TABLE  11-13 

HI-CEAL  DIMENSIONAL  CHECK  RESULTS 


Part  Number 

Type 

s/n 

A 

Maxlmm 

Minimum 

B- INNER 

Maximum  Minimum 

,  B-OUTER 
Maximvm  Minimum 

IOOO/093/IO/A/O 

1-way 

4 

1.0003 

.9985 

.0940 

.0930 

1-way 

5 

1.0002 

.9990 

.0936 

.0930 

- 

- 

IOOO/093/15/A/O 

1-way 

6 

1.0003 

1.0001 

.0930 

.0922 

- 

- 

l-way 

7 

1.0003 

.8998 

.0926 

.0905 

- 

- 

IOOO/093/IO/A/O 

2-way 

8 

1.1504 

1.1498 

.0940 

.0929 

.0932 

.0896 

2-way 

9 

I.15U 

1.1495 

.0940 

.0931 

.0934 

.0930 

IOOO/093/15/A/O 

2-way 

10 

1.1529 

1,1524 

.0926 

.0915 

.0935 

.0929 

2-way 

11 

1.1542 

1.1512 

.0926 

.0905 

.0930 

.0932 

IOOO/093/19/A/O 

1-way 

12 

1.0200 

1.0170 

.0937 

.0926 

- 

- 

1-way 

13 

1,0184 

1.0170 

.0936 

.0929 

- 

1-way 

l4 

1.0182 

1.0167 

.0935 

.0924 

- 

- 

2750/093 

1-way 

7 

2.7667 

2.7490 

.0940  ■ 

.0929 

1-way 

8 

2.7604 

2.7^55 

.0930 

.0924 

- 

- 

1-way 

19 

2,7560 

2.7544 

.0940 

.0932 

- 

1-way 

20 

_ 

.0934 

.0918 

*• 

NOTES:  1.  Part  ntunber  code  is  as  follows; 

IOOO/093/10/A/0 

Seal  nominal  wall  thickness  -  0.001  Inch  nominal 
Seal  nominal  depth  -0.001  inch  nominal 
Seal  nominal  diameter  -  0.001  inch  nominal 


2.  Table  headings  have  following  code; 


jL . 

& 

_ 

1 

^  A 

1-WAY  SEAL 

i 


3:iL_e> 

1 


- A  — 

2-WAY  SEAL 


NAVAN  SEAL  TEST 


A  total  of  eleven  NAVAW  metallic  boss  seals  (Figure  11-28) 
underwent  testing.  Seal  Inspection,  installation  and  test  procedures  were 
similar  to  that  used  in  the  Harrison  seal  tests.  The  same  equipment  was 
used  for  the  pressure  impulse  testing.  Torque  values  as  recommended  by 
the  manufacturer  for  eJLuminum  seals  on  aluminum  or  carbon  steel  fittings 
are  shown  in  Table  II-14.  The  manufacturer  made  no  specific 

recommendations  as  to  torque  required  for  stainless  steel  seals  on  stain¬ 
less  steel  fittings  in  all  sizes.  It  was  stated,  however,  that ,20  to  30 
ft. /lb.  additional  torque  was  required  for  the  -6  and  -8  size  stainless 
steel  seals  on  stainless  steel  fittings. 

Two  each  of  a  -6,  -10,  -l6,  -20  and  -28  size  seal  were  installed  on 
fittings  and  torqued  to  the  values  shown  in  Table  II-14.  Seals  were  identi¬ 
fied  by  s/N  1  and  2  for  each  size.  All  seals  were  static  pressure  tested. 
Torque  on  both  -28  seals  had  to  be  increased  to  3^0  ft. /lb.,  -20  s/N  2  to 
270  it. /lb.,  and  -10  s/N  2  to  135  ft. /lb,  before  passing  the  static  leak¬ 
age  test  satisfactorily.  Finish  on  all  fitting  mating  surfaces  was  com¬ 
pared  with  a  standard  surface  finish  board  and  was  considered  better  than 
32  RMS. 

The  -6,  -10  and  -I6  size  seals  were  subjected  to  61,163  p.i.c.  with¬ 
out  any  evidence  of  leakage.  After  11,809  p.i.c.,  the  -20  and  -28  size 
seals  were  leaking.  It  was  necessary  to  torque  the  -28  seals  to  over  500 
ft. /lb.  to  stop  leakage.  The  -20  seals  were  removed  and  replaced  with 
Harrison  seals,  one  teflon-coated  and  one  goldplated,  and  each  identified 
by  s/N  1.  The  replacement  was  made  because  the  NAVAN  seal  torque  was 
already  considered  excessive  and  this  was  a  good  opportunity  to  compare 
the  performance  of  another  seal  installed  on  the  same  fittings.  The 
result  of  this  test  is  given  in  the  Harrison  test  results  section. 

In  completing  the  61,163  p.i.c.,  the  torque  on  the  -28  seeds  ulti¬ 
mately  was  raised  to  over  1,000  ft. /lb,  to  prevent  leakage, 

A  -28  s/n  3  NAVAN  seal  installed  in  another  manifold  and  torqued  to 
375  ft. /lb.  would  not  pass  the  static  leakage  test.  It  was  necessary  to 
raise  the  torque  to  500  ft. /lb.  before  effecting  a  seal.  The  seal  has 
since  been  subjected  to  12,841  p.i.c.  without  evidence  of  leakage. 


TABLE  II -14 

MVAK  SEAL  TORQUE  VALUES 


Seal 

Size 

Ft. /Lb.  Torque  Per  note 

1  2  3. 

-  6 

30  -  35 

52 

52 

52 

52 

-10  • 

115  -  130 

'  75 

75 

75 

135 

-16 

165  -  175 

165 

165 

165 

165 

-20 

195  -  205 

200 

200 

200 

270  . 

-28 

230  -  250 

238 

360 

238 

360 

375 

500 

NOTES: 

1.  Vendor's  recommendation 

2.  Initial  installation 

3.  Highest  value  used  to  effect  seal  under  test 
condition. 


OMEGA  SEAL  TEST 


One  Omega  seal  already  instedled  in  a  manifold  was  obtained  as  a 
static  seal  test  sample.  A  detail  of  the  seal  and  its  installation  is 
given  in  Figure  11-29^  Since  these  seals  are  not  available 

for  production  in  the  larger  sizes,  no  special  testing  other  than 
impulse  testing  was  performed.  The  manifold  was  connected  to  the  pres¬ 
sure  in^ulse  cycling  set-iqo  and  impulsed  whenever  other  seals  were  being 
tested.  To  date,  the  seal  has  been  cycled  131,000  times  with  no  leakage. 
It  should  be  noted,  however,  that  the  installation  is  such  that  the  full 
in^iulse  may  not  reach  the  seal  since  the  pressure  wave  must  first  pass 
through  the  threaded  portion  of  the  manifold.  This  can  accoxint  for  the 
long,  trouble-free  life  of  the  seal. 


FIG-URE.  IE- 29 


seAU  CROSS  SECTION 


RACO  SEAL  TEST 


One  test  saur^ple  of  the  Raco  seal  was  received  for  preliminary 
investigation  as  a  possible  face  seal. 

The  Raco  seal  consists  of  a  teflon  cover  molded  over  a  steel  inner 
skeleton  as  shown  in  Figure  11-30-  A  test  manifold  that  can  be 

adjusted  to  various  degrees  of  squeeze  for  the  test  sesj.  was  fabricated. 
The  seal  was  installed  in  the  housing  for  testing  as  shown  in  Figure 
II-3I,  Initially,  the  seal  was  installed  with  a  cavity  depth  of 

0.200  inch  which  imposed  a  0.046  inch  squeeze  on  the  seal.  With  this 
squeeze,  the  seal  would  not  pass  the  static  pressure  test.  Cavity  depth 
was  then  reduced  to  O.186  inch,  which  included  .006  inch  clearance  between 
the  housing  and  plug.  The  purpose  of  the  O.OO6  inch  clearance  was  to 
simulate  the  approximate  standard  module  radlaJL  cle6n:'ance  for  that  size 
seal.  Static  hydraulic  pressure  of  10,  4-, 000  and  6,000  psl  was  applied  to 
the  seed  without  evidence  of  failure  or  leakage. 

The  seal  and  test  housing  were  then  installed  in  the  controlled  tem¬ 
perature  box  and  the  addition  of  heat  and  pressure  impulse  cycling  was 
begun  simultaneously.  After  667  p.i.c,,the  seal  blew  out  as  the  oil  tem¬ 
perature  reached  380*F.  Failure  occurred  as  a  result  of  the  softening 
and  extrusion  of  the  seal's  teflon  cover.  A  view  of  the  seal  taJcen  after 
failure  is  shown  in  the  photograph  on  page  I86. 


FI6URF  K-31 

RACO  SEAL  IN  TEST  HOUSING 


HOUSING 
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TORUSEAL  TEST 


Tests  were  completed  on  8  toruseals  manufactured  1)7  the  0«S«D.  Manu*- 
facturing  Con^any  of  Hamden,  Connecticut.  Toruseals  are  hollow  metallic 
0-rings,  the  construction  of  which  is  similar  to  the  metallic  0-rlngs 
■previously  tested.  The  significant  difference  in  the  toruseal  compared 
to  metallic  0-rings  previously  tested  is  in  the  cross-section  diameter 
of  the  tubing  of  the  seal.  Nominal  cross-section  diameter  of  the  tubing 
of  the  toruseals  tested  ms  0.062  inch  compared  to  0.035  ihch  pi’evi- 
ously  tested  metallic  0-rings. 

Physical  inspection,  seal  iiistallation,  static  pressure  and  pressure 
impulse  cycling  tests  were  performed.  Leakage  detection  during  pressure 
impulse  cycling  was  provided  by  clear  sight  glasses  partially  filled  with 
fluid  and  connected  to  the  non-pressxu'ized  test  seal  cavity.  Fluid  leak¬ 
ing  past  the  test  seal  displaced  fluid  i5>ward  in  the  sight  glass  in  full 
view  of  the  technician  operating  the  test. 

The  results  of  the  testa  along  with  physical  data  for  the  se^s  and 
cavities  in  which  they  were  installed  are  shown  in  Table  TI-15 .  The  goal 
for  the  dynamic  tests  was  to  impose  50,000  normal  p.i.c.  followed  by 
25,000  reversed  p.i.c.  Only  those  seals  completing  the  normal  pressure 
tests  were  tested  in  the  reversed  direction. 

In  each  seal  Installation  two  seals  were  required,  the  test  seed  and 
one  secondary  seal  which  was  physically  the  same  as  the  test  seal  except 
that  it  was  of  a  larger  diameter.  The  secondary  seal  was  necessary  to 
enable  the  application  of  reversed  pressure  to  the  test  seal,  i.e.,  the 
building  up  of  pressure  on  the  outside  diameter  of  the  test  seal.  The 
force  reqixired  to  squeeze  the  two  seals  simultaneously  during  installa¬ 
tion  was  found  to  be  objectionably  high  although  the  seals,  cavities  and 
plug  threads  were  lubricated  with  the  test  fluid,  MLO-8200.  Torque  to 
install  two  seals  simultaneously  ranged  from  750  in. /lb.  on  a  1-UNF 
thread  for  3/8  in.  O.D.  and  5/8  in.  O.D.  seals  to  3,500  in./lb.  on  a 
2-12  UN  thread  for  1-1/4  in.  O.D.  and  a  1-3/4  in.  O.D.  seals.  Compression 
forces  required  to  squeeze  a  1.25  in.  O.D.  seal  Mere  measured  on  a  com¬ 
pression  test  machine.  Forces  required  per  inch  of  seal  circumference  are 
shown  in  Figure  11-26. 
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V/ADC  SEAL  TEST 


Eight  metallic  boss  seals  of  the  WADC  101  design  undewent  testing. 
Seal  inspection^  installation  and  test  procedures  were  similar  to  those 
used  in  the  Harrison  seal  tests.  The  same  equipment  was  used  for  the 
pressure  impulse  tests.  Seals  tested  were  two  each  of  a  -6,  -10,  -l6  and 
-20  size.  Seals  vrere  identified  by  s/w  1  and  2  in  each  size.  The  two  -6 
and  -10  s/n  2  seals  were  nickelplated  while  the  remaining  seaJ.s  had  no 
special  coating  or  finish. 

All  seals  were  installed  on  fittings^  preset,  lubricated  and  tox-qued 
to  the  AM)  10064  recommended  torque  values.  All  seals,  passed  the  static 
leakage  test  satisfactorily  after  the  torque  was  increased  to  2,400  in. /lb. 
Seals  and  fittings  were  then  connected  to  equipment  for  pressure  impulse 
testing.  A  total  of  59^000  p.i.c.  were  applied  to  all  seals.  After  27^820 
p.i.c.,  one  -l6  seal  began  lealclng.  Torque  was  increased  to  2, 880  in. /lb. 
without  effecting  a  seal.  A  seal  was  effected  after  raising  the  torque  to 
3,280  in. /lb.  Wo  further  lealcage  occuri’ed  with  this  particular  seal.  The 
other  -16  seal  and  the  -20  se€il  began  lealcing  after  47,217  p.i.c.  Torque 
was  raised  to  1,864  in. /lb.  on  each  seal  and  leakage  stopped.  Wo  other 
leakage  or  failure  occurred  thi’oughout  the  Lesl. 

Two  disadvantages  of  the  WADC  seal  are  the  fact  that  it  requires  a 
pre-setting  tool  and  torque  required  to  effect  a  seal  is  high.  Wo  addi¬ 
tional  tests  are  planned  for  the  WADC  seal.  Seal  configuration  is  shown 
by  Figure  11-32* 
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1.  SCOPE.  -  This  specification  states  the  design,  manufacturing,  and  testing 
requirements  for  metallic  radial  seeds  to  be  used  for  static  sealing  applications 
in  a  4000  psi,  450*F  hydraulic  system.  This  specification  further  outlines  the 
procedure  for  development  of  the  seed  desired. 

2.  DESIGN  AND  MANUFACTURING  REQUIREMENTS.  - 

2.1  General.  -  Seals  and  seal  installations  shedl  be  compatible  with  the 
fluid,  thermal,  and  functional  requirements  specified  herein.  id  seals  imd 
related  parts  shall  be  metallic. 

2.2  Materials.  -  Materials  shedl  conform  to  applicable  government  specifi¬ 
cations.  Materials  which  are  not  covered  by  applicable  specifications  may  be 
used  provided  it  can  be  demonstrated  that  their  use  will  result  in  a  superior 
product . 

2.3  Corrosion  Protection.  -  Metals  shall  possess  adequate  corrosion- 
resistant  characteristics  or  shall  be  suitably  protected  by  the  use  of  coatings 
which  conform  to  applicable  government  specifications.  Other  metallic  or  non- 
motallic  coatings  which  can  be  demonstrated  to  provide  adequate  protection  against 
corrosion  may  be  used  provided  their  use  is  coir5)atible  with  the  fluid,  thermal, 
and  functional  requirements  specified  herein. 

2.4  Fluid .  -  The  hydraulic  fluid  used  shall  be  MLO-8200  which  may  be  pur¬ 
chased  from  the  Oronlte  Chemical  Company,  200  Bush  Street,  San  Francisco, 
California, 

2. 5  Temperature  Range.  -  The  seal  shall  be  capable  of  full  performance  with 
the  fluid  at  any  temperature  throut;;hout  the  range  of  -65*F  to  450“F  and  shall 
seal  satisfactorily  within  a  range  of  ambient  temperatures  from  -65“F  to  6i>0“F. 

2.6  Rated  Pi'essure.  -  The  xaLed  hydraulic  pressure  shall  be  4000  psi. 

2.7  Re -Usability  Versus  Cost.  -  It  is  desirable  that  seals  be  of  such  a 
design  as  to  permit  their  re-use  a  minimum  of  two  times  after  operating  pressure 
has  been  applied, 

2.8  Machining  Tolerances  and  Surface  Finishes.  -  The  seals  must  function  on 
sealing  surfaces  where  finish  may  vaiy  between  zero  and  l6  RIIA.  (RHA  is  defined 
in  MIL-STD-10.)  It  is  desirable  that  machining  tolerances  on  the  valve  ajid  on 
the  caclty  sealing  surfaces  (see  Figuie  III)  be  a  generous  as  possible.  The  seal 
manufacturer  shall  establish  these  tolerances  based  on  test  results  of  Phase  II, 

2.9  Removability.  -  The  seal  design  should  be  such  that  deformation  of  the 
seal  against  the  cavity  bore  does  not  occur  so  ns  to  cause  difficulty  or  require 
specleil  tools  for  normal  installation  ajid  I’emoval  of  the  seal. 
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2.10  Lubricants.  -  No  lubricant  should  be  reiiulred  for  seal  Installation  or 
performance  other  than  hydraulic  fluid  MLO-8200. 

2.11  Seal  Tightening  Forces,  -  It  Is  desirable  that  the  Installation  torque 
values  required  for  effective  sealing  be  held  as  low  as  possible.  In  no  case, 
however,  shall  the  torque  required  to  effect  zero-leakage  exceed  100  ft-lbs. 


3,  TEST  REQUIREMENTS.  - 


3.1  Proof  Pressure.  -  Each  seal  shall  be  subjected  to  proof  pressure  of 
6000  psi  at  450"F  with  pressure  applied  to  one  side  of  the  seal  for  5  minutes  and 
then  applied  to  the  other  side  of  the  seal  for  5  minutes.  There  shall  be  no  leakage 
and  no  permanent  deformation  or  other  visible  damage  to  the  seal. 

3.2  Burst  Pressure.  -  The  seal  shall  withstand  a  burst  pressure  of  10,000  psl 
at  room  temperature.  Burht  pressure  shall  be  applied  for  5  minutes  against  one  side 
of  the  seal  and  then  applied  for  5  minutes  against  the  other  side  of  the  seal.  There 
shall  be  no  leakage  by  the  seal  In  either  direction.  The  burst  pressure  test  shall 
be  the  last  test  performed. 

3.3  linr"’’  -o  Test.  -  The  pressure  Impulse  tests  shall  be  conducted  at  a  rate 

of  35  ±  5  cp.  \ch  impulse  cycle  shall  constitute  a  rise  from  0  psi  to  surge  pres¬ 
sure  and  drop  zero  as  shown  In  Flgxire  I.  fluid  shall  be  used  as  a 

test  medium  wlLli  a  pealc  surge  pressure  of  1.43  to  1.57  times  the  rated  pressure  as 
shown  by  an  oscilllscope.  Pressure  Impulses  shall  be  applied  alternately  to  one 
side  of  the  seal  and  then  applied  to  the  other  side.  The  seal  shall  have  100,000 
Impulse  cycles  eilternately  applied  to  eeich  side  of  the  seed  for  a  toted  of  200,000 
pressure  impulse  cycles.  The  impulse  cycles  shall  be  imposed  in  accoi’donce  with 
paragraph  3«^  below.  Before  and  after  the  impulse  tests,  the  seals  shall  be  proof 
pressure  tested  per  paragraph  3»1*  There  shall  be  no  leakage  during  the  Impulse 
ti.'sts  or  proof  pressure  tests. 

3.4  Temperature-Time  Spectrum.  -  The  Impulse  test  (200,000  cycles)  shedl  be 
conducted  while  the  seal  undergoes  the  temperature -time  spectrum  shown  on  Figure  II. 
Each  spectrum  should  take  approximately  6  hours  to  coiaplete  and  will  consist  of 
11,120  cycles.  Eighteen  days  are  required  for  the  test.  The  first,  third,  fifth, 
tenth,  thirteenth,  and  sixteenth  spectnims  shall  begin  after  the  test  set-up  has 
soaked  at  -65*F  for  8  houra  (over  night).  The  remaining  spectrums  shall  begin  at 
y5  ±  25*F  on  the  second,  fourth,  sixth,  seventh,  eighth,  ninth,  eleventh,  twelfth, 
fourteenth,  fifteenth,  seventeenth  and  eighteenth  days  of  the  test.  The  rate  of 
teiiiiwrature  rise  shall  be  within  the  shaded  areas  shown  on  Figure  IT. 

4.  SEAL  TYPE,  SIZES  AND  CAVITY  CONFIGURATION.  - 

4.1  General.  -  The  .netallic  radial  seal  covered  by  this  specification  is 
defined  as  em  assembly  of  paired,  approximately  wedge-shaped,  sealing  rings  to  be 
"loaded"  by  mechanical  force  against  the  circwnference  of  a  cartridge-type  unit 
insei'ted  in  a  manifold  and  correspondingly  loaded  against  the  Inside  diameter  of 


the  bor«  into  vhloh-  the  cartridge  unit  is  tnaertad.  Tubular  spacers  betveen 
several  pairs  of  sealing  rings  are  Integral  parts  of  the  seel  assembly  and  serve 
to-  locate  the  seals  as  well  as  to  act  as  load-carrying  tnembers  betveen  seals. 


4.2  Cavity  Conflguriatlon.  -  The  drawing  attached  to  this  specification  as 
Figure  III  shows  the  seeing  application  for  the  type  of  seal  covered  by  this 
specification.  -Sealing  surfaces  are  indicated  and  the  annular  space  to  which  the 
seal  assembly  must  be  designed  is  dimensioned  on  Figure  III.  It  is  further  desired 
that  the  seals  be  of  double-acting  design,  that  is,  capable  of  withstanding  pres¬ 
sure  applied  from  either  direction  against  the  seal. 


5.  DEVELOPMEM*  PROCEDURE.  - 

5.1  Phase  T.  -  The  seal  manufacturer  shall  develop  and  deliver  to  Chance 
Vought  one  (1)  radial  seal  assembly  of  approximately  1  l/2  inch  outside  diameter 
and  composed  of  a  minimum  of  four  (4)  pairs  of  wedge-type  sealing  rings  designed 
in  accordance  with  this . specification,  and  sQ.bo  shall  submit  Phase  I  report. 

5.1.1  The  seed  assembly  shall  meet  all  the  I'equlrements  of  this  specification 
with  the  exception  of  the  test  requirements  stated  in  paragraph  3* 

5.1. In  lieu  of  the  tests  specified  in  paragraph  3>  the  seal  assembly  shall 
meet  or  exceed  the  tests  specified  below.  In  the  order  listed,  to  meet  the  require¬ 
ments  of  Phase  I. 

(a)  proof  pressure  test  at  room  temperature 

b)  16  hour  soak  at  -65 "P 

c)  100  In^ulse  cycles  at  -65*F 

|d)  2000  Impulse  cycles  at  •f450*F 

’e)  leakage  test  at  room  temperature 
^f)  16  hour  soak  at  -65“F 

g)  100  cycles  at  -65 *F 

h)  2000  cycles  at  -h450*F 

1j  leakage  test  at  room  temperature 
j)  proof  pressure  test  per  paragraph  3*1 

5.1.3  The  imptilse  cycle  for  the  tests  listed  in  paragraph  5.1'2  shall  be 
in  accordamce  with  Figure  I. 

5.2  Phase  II.  -  The  seal  manufacturer  shall  investigate,  as  outlined  below, 
the  effects  of  seal  materied  hardness  and  varying  numbers  of  seal  ring  pairs  on 
•eal  assembly  performance  and  inatallatlon  torque  requirements.  In  addition,  the 
seal  manufacturer  shall  completely  test  and  qualify  the  seal  assembly  described  in 
paragraph  5*2.3  below. 

5.2.1  Prior  to  steurtlng  Phase  II  qualifications  testing,  the  seal  manufacturer 
•hall  conduct  a  limited  investigation  to  determine  the  feasibility  of  a  radied  seal 
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having  a  hardness  not  greater  than  Rockvell  0-33/  but  made  to  the  same  n(»nlaal 
dimenaicms  as  the  seal  developed  under  nuise  I.  This  limited  investigation  vlU 
Involve  the  raanufactxure  of  four  pairs  of  wedge  seals  and  static  room  temperature 
proof  pressure  testing  to  determine  torque  values  required  for  sealing.  The  test 
fixture  used  for  this  test  shall  be  the  same  fixture  used  for  Phase  I.  The  torque 
values  determined  herein'  shall  be  conpared  with  the  torque  values  determined  under 
similar  conditions  for  the  seals  having  a  hardness  of  Rockwell  C-55  to  C-60.  Chance 
Vought  shall  be  advised  of  the  results  of  this  investigation  prior  to  continuing 
the  remaining  Phase  II  tests. 

5.2.2  The  seal  manufeicturer  shall  determine  the  effects  on  installation  torque 
requirements  of  increasing  the  number  of  seal  ring  pairs  in  a  radial  seal  assembly. 
The  test  block  described  in  paragraph  5* 2.3* 2  shall  be  used  for  these  tests.  The 
seal  manufacturer  shall  determine  the  torques  required  to  effect  proof  pressure 
sealing  using  2,  3t  5  and  6  pairs  of  sealing  rings.  The  sealing  rings  shall  be 
designed  in  accordance  with  paragraph  5*2.3.  Spacers  of  varying  lengths  shall  be 
used  so  tliat  the  above  sequence  of  torque  tests  can  be  run  using  the  same  test 
block. 

5. 2. 2.1  The  above  torque  tests  shall  be  conducted  on  seal  rings  made  from 
materials  having  different  hardness  properties.  One  complete  set  of  rings  (six 
pairs)  shall  be  made  from  material  having  a  hardness  not  greater  than  Rockwell  C-35» 
A  second  set  of  seals  shall  be  mode  from  material  having  a  hardness  of  Rockwell  C-55 
to  C-60.  The  results  of  these  tests  shall  be  forwarded  to-  Chance  Vought  prior  to 
continuing  Phase  II  testing. 

Note:  Depending  upon  the  test  results  of  paragraph  5>2.1,  the  above 
torque  tests  may  not  be  required  on  the  seals  made  from 
Rockwell  C-35  material.  Chance  Vought  shall  make  this  decision 
when  the  results  of  the  paragraph  5*2.1  tests  are  available. 

5.2.3  The  seal  manufacturer  shall  completely  test  and  qualify  a  seal  assembly 
of  such  dimensions  as  to  be  suitable  for  use  with  the  CVP-3352-1  (Class  A)  Solenoid 
Selector  Valve  which  is  shown  in  this  specification  for  easy  reference.  The  seal 
assembly  shall  be  designed  with  cross-sectional  dimensions  similar  or  identical  to 
those  developed  under  Phase  I.  The  seal  material  shall  be  the  so/ne  as  that 
developed  under  Phase  I  unless  the  torque  tests  of  paragraphs  5*2.1  and  5*2.2  ijiui- 
cate  that  a  softer  material  would  be  acceptable. 

5* 2. 3*1  Qualification  shall  consist  of  all  tests  specified  in  paragraph  3 
performed  on  seal  assemblies  made  to  minimum  and  maximum  tolerance  dlniensions. 

Each  seal  assembly  shall  consist  of  six  pairs  of  seallnf'  r  ings.  The  spacers  sepa¬ 
rating  the  sealing  rings  shall  be  designed  such  that  the  annular  flow  area  on  the 
outside  diameter  of  the  spacer  shall  be  at  least  equal  to  that  shown  by  the  Class  A 
spacer  In  the  diagram  on  drawing  CVP-3352. 

5.2. 3. 2  The  test  blocks  to  be  used  for  qualification  shall  be  designed  to 
resemble  as  closely  as  possible  the  valve  installation  shown  in  the  diagram  on 
drawing  CVP-3352. 
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^.3  Phase  III.  -  The  seal  maniifacturer  shall  eoiq^letely  test  and  qualify  a 
seal  assefflblo^  of  such  dimensions  as  to  be  suitable  for  use  with  the  CVP-3352~3 
(Class  C)  Solenoid  Selector  Valves. 

5.3«1  Qnallflcation  shall  consist  of  all  tests  specified  In -paragraph -3 
performed  on  seal  assemblies  made  to  minimum  and  maximum  tolereuace  dimensions. 

Each  seed  assembly  shall  consist  of  six  pairs  of  seeding  rings  identical  In  design 
to  the  rings  qualified  under  Phase  II.  The  spacers  separating  the  sealing  rings 
shall  be  designed  such  that  the  flow  restrict  ,  .m  into  or  out  of  the  ports  refer* 
eneed  on  drawing  CVP-3332  shedl  not  be  greater  them  the  restriction  caused  by  the 
Class  C  spacer  shown  on  CVP-3352. 

5.3*2  The  seal  manufemturer  shall  furnish  pairt  numbers,  engineering  drawlii; 
emd  recommended  installation  data  for  seeding  rings  emd  speicers  of  the  two  nomlnu; 
seal  sizes  qualified  under  this  specification.  In  addition,  slmlleu*  information 
shall  be  furnished  for  seals  and  spacers  of  such  dimensions  as  to  be  suitable  for 
use  with  the  CVP-3352-2  (Class  B)  Solenoid  Selector  Vedtre. 


6.  ADDITIONAL  DATA  REQUIRED.  - 

6.1  Reports.  -  The  seal  manufacturer  shall  submit  a  final  report  on  all 
work  accomplished  under  each  phase  of  the  development  procedure  outlined  in 
paragraph  5, 

6.1.1  In  addition  to  the  final  reports  specified  above,  the  seal  manufacturer 
shall  submit  bi-weekly  progress  reports  in  letter  form. 

6.1.2  At  any  time  in  the  development  progreun,  if  it  becomes  apparent  that 
the  wedge  seal  concept  will  not  meet  the  minimum  requirements  as  outlined  in  this 
specification,  all  work  shedl  be  stopped  and  Chance  Vought  shall  be  notified 
Immediately. 
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1.  SCOPE.  -  This  specification  states  the  design,  manufacturing,  and  testing 
req,uirements  for  metallic  seals  to  be  used  for  static  sealing  applications  in  a 
4000  psi,  450®F  hydraulic  system.  This  specification  further  outlines  the  pro¬ 
cedure  for  development  of  the  seal  desired, 

2.  APPLICABLE  DOCUMENTS.  - 

2.1  The  following  documents  of  the  Issue  In  effect  on  date  of  invitations 
for  bids  form  a  part  of  this  specification: 

Specifications : 

Military: 

MIL-H-8446 

MIL-STD-IO 

MIL-H-8891 

3.  REQUIRBffiNTS.  - 


3.1  Qualification.  -  The  metallic  seals  furnished  under  this  specification 
shall  be  a  product  which  has  been  tested  and  has  passed  the  qualification  tests 
specified  herein. 

3.2  Materials.  -  The  materials  shall  conform  to  applicable  government 
specifications.  Materials  which  are  not  covered  by  applicable  specifications  may 
be  used  provided  it  can  be  demonstrated  that  their  use  will  result  in  a  superior 
product. 

3.2.1  The  materials  shall  possess  adequate  corrosion-resistant  characteris¬ 
tics.  The  materials  shall  be  of  high  queuLity  to  insure  consistence  to  all  its 
characteristics. 

3.2.2  The  materials  shall  be  compatible  with  the  fluids  and  temperature 
ranges  designated  in  this  specification, 

3.3  Temperature  Range.  -  The  metallic  .  d  shall  perform  its  function  in 
fluid  temperatures  of  -65^F  to  +450*F  and  iii  lolent  temiJeratures  of  -65“F  and 
+650*F. 


3.4  Fluid .  -  The  metallic  seal  shall  perform  its  function  in  fluids  con¬ 
forming  to  specification  MIL-H-8^j46. 

3.5  Pressure.  -  The  metallic  seal  shall  function  at  all  operating  pressures 
between  zero  and  4000  psi.  The  seal  shall  function  at  proof  pressures  of  6000  psi 
and  shall  not  fall  at  burst  px'essures  of  10,000  psi. 
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3>6  Design  and  Construction*  - 

3* 6.1  Shape  and  Dimensions.  -  The  general  shape  and  the  general  dimensions 
of  the  metallic  seal  procured  to  this  specification  shall  be  controlled  by  the 
seal  cavity  dimensions  specified  herein  in  Figures  IV,  V  emd  VI  for  0*,  l80*  one¬ 
way  and  two-way  type  seals.  Different  manufacturer's  seals  may  vary  in  shape  and 
dimensionally  so  long  as  they  perform  their  seeLLing  function  within  the  specified 
seal  cavities. 

3.6.1. 1  The  seal  shape  and  dimensions  shall  be  established  for  each  size 
cavity  in  Figures  VI,  VII  and  VIII,  and  the  dimensions  specified  on  the  seal  manu¬ 
facturer's  drawing  in  accordance  with  specification  MIL-STD-10. 

3.6. Squeeze.  -  The  initial  squeeze  which  the  seeJ.  is  subjected  to  in  any 
one  cavity  may  vary  .008  inch.  This  variation  is  a  function  of  the  machining 
tolerances  of  the  manifold  and  hydraulic  component  which  form  the  seal  cavity.  An 
additloneil  squeeze  variation  will  be  the  result  of  seal  tolerances.  The  seal  shall 
perform  satisfewtorily  at  any  squeeze  between  mJnimiun  and  maximum. 

3.6.3  Diametral  Back-Up.  -  The  diametral  back-up  which  is  provided  for  the 
seals  varies  .001  to  .003  inch,  depending  on  the  seal  size  (see  Figures  IV,  V,  and 
VI ).  This  variation  is  a  function  of  machining  tolerances  on  the  manifold  or 
hydraulic  component  as  applicable  and  the  metallic  seal. 

3.6.4  Sealing  Surface  Roughness.  -  The  metallic  seal  shall  perform  its  seal¬ 
ing  function  on  cavity  sealing  surfaces  which  vary  in  surface  roughness  from  zero 
to  16  RHR.  (RHR  is  defined  in  MIL-STD-10.  ) 

3.6.5  Sealing  Surface  Hardness.  -  The  metallic  seed  shall  perfor.;.  its  seal¬ 
ing  function  on  cavity  sealing  surfaces  which  have  a  minimum  hardness  of  Rc  34. 

3.6.6  Seal  Deflection  Force.  -  Tlie  linear  compressive  force  to  squeeze  the 
one-way  metallic  seals  (Figures  IV  and  V)  shall  not  exceed  200  pounds  per  inch  of 
seal  mean  circumference.  For  double  seals  installed  to  effect  two-way  sealing 
(Figure  VI ),  the  linear  compressive  force  shall  not  exceed  400  pounds  per  inch  of 
seal  mean  circumference. 

3.6.7  Seal  Installation.  -  Figure  III  shows  a  typical  installation  of 
intended  usageT  It  shall  be  noted  that  the  seals  are  subjected  to  a  twisting 
action  as  the  hydraulic  component  is  torcgied  down  on  the  seals  to  give  them  their 
proper  sealing  squeeze. 

3.7  Removability.  -  The  seal  shall  be  easy  to  remove  from  the  cavity  after 
usage.  Special  tools  to  renovo  seal  shall  not  be  required. 

3.8  Re-Usability,  -  Re-usability  will  depend  on  the  springbuck  of  the  seal 
after  compression  and  on  the  vai-lation  of  squeeze  as  described  in  paragraph  3*6.2. 
The  manufacturer  shall  Investigate  seal  re-Usability  and  describe  recommendations 
on  the  seal  drawing. 
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3.9  Manufacturing  Method.  -  The  metallic  seal  shall  be  either  formed  or 
machined.  Other  methods  may  be  used  provided  they  result  In  a  superior  product. 

3.10  Coatings.  -  When  coatings  such  as  silverplate  or  teflon  are  required 
to  make  the  seal  function  satisfactorily,  they  shall  be  properly  noted  on  the 
manufacturer's  drawing.  Coatings  shall  .conform  to  government  specifications. 
Coatings  which  are  "ot  covered  by  applicable  specifications  may  be  used  provided 
it  can  be  demonstrated  that  their  use  will  result  In  a  superior  product. 

3.10.1  Coatings  on  the  metallic  seals  which  contribute  unacceptable  contami¬ 
nation  into  Type  III  hydraulic  systems,  defined  in  specifications  MIL-H-889I,  shall 
not  be  used. 

3.11  Workmanship.  -  Worlcmanship  and  finish  shall  be  in  accordance  with  the 
highest  grade  practice  in  manufacturing  this  kind  of  product.  Manufacturing 
practices  shall  be  such  that  the  physicad  properties  of  the  finished  product  shall 
be  consistent  from  one  seal  to  the  next.  The  product  shall  be  uniform  in  quality 
and  condition,  clean,  smooth  and  free  from  foreign  materials  or  defects  detrimental 
to  the  appearance  or  performance  of  the  parts. 

3.12  Interchangeability.  -  All  seals  with  the  same  dash  number  shall  be 
interchangeable . 

3.13  Identification  of  Product.  -  No  coding  or  special  identification  is 
required  on  the  metallic  seal. 

3.14  Performance.  -  The  metallic  seal  shall  meet  all  the  performance  require¬ 
ments  of  paragraph  4.2,3. 

4.  TEST  REQUIREMENTS.  - 


4.1  General.  -  The  tests  described  below  shall  be  conducted  on  two  seals  of 
each  size  and  type  to  be  tested.  One  seal  shall  be  installed  with  minimum  deflec¬ 
tion  and  the  other  shall  be  installed  with  maximum  deflection.  These  requirements 
are  shown  in  Table  I. 

4.2  Leakage  Test.  -  Each  seal,  as  noted  in  Table  I,  shall  be  subjected  to 
pressure  leakage  tests  at  10,  50,  100,  500  and  1000,  2500  and  4000  psi.  Each  pres¬ 
sure  shall  be  applied  for  2  minutes  with  no  evidence  of  seal  leakage.  When  two-way 
seals  are  being  tested,  the  leaJcage  tests  shall  be  conducted  with  pressure  applied 
against  one  side  of  the  seal  and  then  shall  be  i-epeated  with  pressure  applied  against 
the  opposite  side  of  the  seal.  This  test  shall  be  performed  at  room  temperature 

and  at  +450®  ±  15"F  prior  to  the  proof  pressure  test  of  paragraph  4.3.  This  test 
shall  be  performed  at  -20®F  ±  10®F  prior  to  the  iinpulse  tests  of  paragraph  4.5  and 
at  room  temperature  after  the  impulse  tests,  Thei-e  shall  be  no  evidence  of  leakage 
during  any  of  the  leakage  tests. 
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4.3  Proof  Pressure.  -  Each  seal  shall  be  subjected  to  proof  pressure  of 
6000  psl  at  450’P  for  a  p^r  lod  of  5  minutes.  In  the  case  of  two-way  seals#  pres¬ 
sure  shall  be  applied  toa  ^  side  of  the  seal  for  5  minutes  and  then  applied  to 
the  other  side  of  the  seal  for  5  minutes.  There  shall  be  no  evidence  of  seal 
leakage. 

4.4  Burst  Pressure.  -  The  seals  shall  withstand  a  burst  pressure  of  10# 000 
psl  at  room  ten^jerature  for  a  period  of  5  minutes  with  no  lealcage.  In  the  case 
of  two-way  seals#  the  burst  pressure  shall  be  applied  for  5  minutes  against  one 
side  of  the  seal  and  then  applied  for  5  minutes  against  the  other  side  of  the  seal. 
There  shall  be  no  leak£^3e  by  the  seal  in  either  direction.  The  burst  pressure  test 
shall  be  the  last  test  performed. 

4.5  Impulse  Test.  -  The  pressure  Impulse  tests  shall  be  conducted  at  a  rate 
of  35  *  5  CWh  Each  Impulse  cycle  shall  constitute  a  rise  from  zero  psl  to  Impulse 
pressure  and  drop  to  4000  psl  and  then  zero  psl  as  shown  In  Figure  I.  I^yrdraullc 
fluid  shall  be  used  as  a  test  medium  with  a  pealt  Impulse  pressure  of  1.43  to  1.57 
times  the  rated  4000  psl  pressure  as  recorded  by  an  oscllllscope.  Each  seal  shall 
be  tested  for  a  total  of  200,000  pressure  impulse  cycles.  The  impulse  cycles  shall 
be  imposed  in  accordance  with  paragraph  4.6  below.  In  the  case  of  two-w^  seals# 
pressure  impulses  shall  be  applied  alternately  to  each  side  of  the  seal  until 
100#000  impulse  cycles  have  been  applied  to  each  side  of  the  seal  for  a  total  of 
200#000  pressure  Impulse  cycles.  After  25#000#  50#000#  100#000#  150#000  and  200#000 
pressure  impulse  cycles#  all  seals  sh&0.1  be  proof  pressure  tested  per  paragraph  4.3. 
There  shall  bfe  no  leakage  during  the  static  proof  pressure  tests.  An  acceptable 
method  shall  be  established  for  measuring  leakage  during  Inipulse  cycling.  A  leak¬ 
age  not  exceeding  a  rate  of  5cc  per  I8OO  impulse  cycles  is  acceptable. 

4.6  Temperature-Time  Spectrum.  -  The  impulse  test  (200# 000  cycles)  shall 
be  conducted  while  the  seal  undergoes  the  temperature-time  spectrum  shown  on 
Figure  II.  Each  spectrum  should  take  approximately  6  hours  to  complete  and  will 
consist  of  11#  120  cycles.  Eighteen  days  ai’e  required  for  the  test.  The  first# 
third#  fifth#  tenth#  thirteenth#  and  sixteenth  spectruras  shall  begin  after  the 
test  set-up  has  soaked  at  -65*F  for  8  hours  (overnight).  The  remaining  si)ectrums 
shall  begin  at  95  ±  25 "F  on  the  2nd#  4th#  6th#  7th#  0th#  9th#  11th#  12th#  l4th# 

15th#  17th#  and  18th  days  of  the  test.  The  rate  of  temperature  rise  shall  be  within 
the  shaded  areas  sliown  on  Figure  II. 

5.  DEVELOPMEI'iT  PROCEDURE.  - 

5.1  General.  -  The  seals  described  in  this  specification  oh;ill  be  developed 

I  idle  seal  manufacturer  in  accordance  with  llie  phases  outlined  in  the  following 

II  ii-agruphs. 

Fbasc  I .  -  Thi'  seal  monufactiavi  shall  develop  the  optimum  seal  con- 
fli.uration  for  the  one-wn;/  and  two-way  seals.  The  two-way  seal  for  this  phase 
Shull  have  an  outside  diameter  of  appi-oxii.intely  1  inch  luid  the  one-way  seal  shall 
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have  an  outside  diameter  of  the  smallest  size  suitable  for  use  with  the  l>inch  O.D. 
two-way  seal  (see  Figure  III).  The  optimum  seal  configuration  should  have  the 
minimum  practical  cross-sectional  diameter,  minimum  Installation  or  tightening 
force,  find  maximum  allowable  squeeze.  (Note:  The  cross-sectional  diameter  is 
controlled  by  Figures  IV,  V,  VI.) 

5*  2.1  Tests  shall  be  condicted  on  seal  samples  made  in  different  wall  thick¬ 
nesses  and  the  optimum  wall  thickness  shall  be  determined  for  each  of  the  seal 
types. 

5.2.2  The  optimum  seal  configurations  shall  meet  all  the  requirements  of 
this  specification  including  the  test  requirements  of  paragraph  k. 

5.2.3  A  force -deflect ton  curve  for  each  of  the  optimum  seal  configurations 
developed  in  this  phase  will  be  obtained  and  forwarded  to  Chance  Vought  as  soon  as 
it  is  available, 

5.2.k  The  seal  manufacturer  shall  furnish  five  seals  of  optimum  configuration 
for  0"  and  l80°  one-way  and  two-way  seals,  and  shall  fon/ard  these  sainples  with  the 
final  report  specified  in  paragraph  6,1. 

5.3  Phase  II.  -  The  seal  manufacturer  shall  Investigate,  as  outlined  below, 
the  effects  of  seed  material  strength  and  vai  '1ng  seal  cavity  back-up  diameters 
on  seal  performance,  deflection  force  requii’  .  :onts,  and  seal  removability.  In 
addition,  the  seal  manufacturer  shall  completely  test  and  quedliy  the  seals 
described  in  paragraph  5«3*2  below.  Figure  II  shows  the  application  of  the  seals 
to  which  they  shall  be  designed. 

5. 3*1  Prior  to  starting  Phase  II  qualification  testing,  the  seal  manufacturer 
shall  conduct  a  limited  investigation  to  veiify,  or  re-define,-  the  optimum  seal 
configuration  as  determined  under  Phase  I.  This  limited  investigation  will  involve 
the  testing  of  0"  one-way,  iBO"  one-way,  and  tvro-way  seals  installed  with  varying 
back-up  diameters.  The  seals  shall  meet  the  deflection  force  requirements  of 
paragraph  and  shall  meet  all  static  fluid  pressure  tests  specified  in  para¬ 

graph  4.  An  additional  consideration  for  optimization  is  that  the  seal  should  be 
easily  removable  from  a  cavity  installation  after  the  apijlication  of  proof  pres¬ 
sure  when  Installed  at  maximum  squeeze  of  ,020  inch. 

5. 3. 1*1  The  investigation  of  paragrupli  5.3.1  above  shall  be  conducted  on 
seals  of  each  nominal  diameter  to  be  qualified  luicler  paragraph  5.3*2.  Chance  Vought 
shalli  be  notified  of  the  results  of  this  investigation  prior  to  continuing  the 
remaining  Phase  II  tests,  Notification  .;i. all  consist  of  fluid  pressure  test 
results  and  a  force-deflection  curve  for  each  optlinum  seal  configuration  of  each 
nominal  size  tested. 

5.3*2  The  seal  juanui’acLurer  shall  completely  test  and  qualify  0®  one-way, 

180®  one-way,  and  two-way  seals  in  eoch  of  the  throe  nominal  inside  diameters 
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listed  below.  The  cavities  into  which  the  various  types  of  seals  shall  be  Installed 
for  qualification  shall  be  dimensioned  in  accordance  with  the  seal  cavity  charts 
listed  in  Figures  V,  VI,  VII. 


Seal  Type 


Nom.  I.D.  for  Test 


Seal  Chart 


0®  one-way 
180“  one-way 
Two-way 


3/16,  1,  3 
3/16,  1,  3 
3/16,  1,  3 


Figure  V 
Figure  VI 
Figure  VII 


5. 3*2.1  Qualification  shall  consist  of  all  tests  specified  In  paragraph  4 
performed  on  seal  installations  of  minii/iuin  and  maximum  tolerance  conditions.  The 
minimum  tolerance  condition  is  defined  as  a  seal  of  maximum  back-up  diajnoter  Installed 
in  a  seal  cavity  having  a  minimum  back-up  diameter.  Conversely,  the  maximum  toler¬ 
ance  condition  is  defined  as  a  seal  of  minimum  baok-up  diameter  Installed  in  a 
cavity  having  a  maximum  back-up  diameter.  Two  seal  installations  shall  be  tested  for 
each  tolerance  condition.  One  installation  shall  have  a  seal  of  minimum  height 
installed  in  a  cavity  of  maximum  height  to  produce  minimum  squeeze.  In  the  other 
installation,  a  seal  of  maximum  height  shall  be  installed  in  a  cavity  of  minimum 
height  to  produce  maximum  squeeze. 


5. 3. 2. 2  For  each  nomlneil  diameter  of  each  type  of  seal  being  qualified,  an 
identical  seal  shall  be  subjected  to  a  force-deflection  test.  These  seals  shall 
meet  the  deflection  force  requirements  of  paragraph  4,6,6.  A  force -deflection 
curve  for  each  type  and  nominal  diameter  seal  which  is  qualified  shall  be  submit¬ 
ted  to  Chance  Voiaght  along  with  the  Phase  II  report, 

5. 3. 2. 3  The  table  below  suwiiarizes  the  testing  which  is  required  under  para¬ 
graph  5.3*2  for  each  of  the  three  seal  types  covered  by  Phase  II.  A  total  of  45 
seals  shall  be  tested.  The  test  block  seal  seat  materia],  shal.l  be  17-4PH,  4l6,  or 
equivalent. 


TABLE  I 


SEALS  TO  BE 

TESTED 

NOMINAL 

I.D. 

TOLERANCE 

CONDITION 

SQUEEZE 

CONDITION 

FORCE 

DEFLECTION 

TEST 

HYDRAULIC 

TEST'S 

0* 

180* 

2-May 

1 

16 

31 

3/16 

Nominal 

X 

2 

17 

32 

Maximum 

Maximum 

X 

3 

18 

33 

Minimum 

X 

4 

19 

34 

Ml  nima.i 

Maximuiii 

X 

5 

35 

Minimum 

X 

6 

21 

36 

1 

Nominal 

-- 

X 

7 

22 

37 

Moximiun 

X 

8 

23 

38 

Maxl;iiu/ii 

Minimum 

X 

9 

24 

39 

Maximiun 

X 

10 

25 

4o 

Minimum 

Minimum 

X 
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TABLE  I  (continued) 


sBKLs  t6  bl 

TESTED 

NOMINAL 

I.D. 

TOLERANCE 

CONDITION 

SQUEEZE 

CONDITION 

FORCE 

DEFLECTION 

TEST 

HYDRAULIC 

TESTS 

0* 

l8o* 

2-Way 

11 

26 

4l 

3 

Nominal 

X 

12 

27 

42 

Maximum 

Maximum 

X 

13 

28 

43 

Minimum 

X 

Ih 

29 

44 

Minimum 

Maximum 

X 

15 

30 

45 

Minimum 

X 

6.  ADDITIONAL  DATA  REQUIRED.  - 


6.1  Reports.  -  Included  in  the  work  for  each  phase  is  a  final  report  to  be 
submitted  by  the  seal  manufacturer  on  all  work  accomplished  under  each  phase  of 
the  development  procedure  outlined  in  paragraph  5» 

6.1.1  In  addition  to  the  final  reports  specified  above^  the  seal  manufacturer 
shall  submit  bi-weekly  progress  reports  in  letter  form. 

6.1.2  At  any  time  in  the  development  program,  if  it  becomes  apparent  that 
the  seal  concept  will  not  meet  the  minimum  requirements  of  this  specification,  al  ], 
work  shall  be  stopped  and  Chance  Vought  shall  be  notified  immediately. 


I 

I 

i 

I 

i 

i 

i 
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Approximate  pressure  time  cycle  for 
iiiq^ulse  testing  static  metallic  seals 
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TIME  -  HOURS 


I 

I  Temp'.n'’aturG;-l  lino  upocli  uni  Tor 

I  impulse  testiiip;  si;','..!?,  inoLalllc 


FIGURli  11 
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fc.  -.000 


— 'D  wx 
A  SIA  I 
—  B  toix 


xij 


—  B  bix 
-C  btx 
-A  DIA 


ONE-WAV  SEAL 


».  THIS  CHART  TO  Be  USED  toR  rtNB-VWAV  'i  ' 

O*  SEALS  OMUY. 

2.  symbol  ▼  OEhiOTES  SEALIMa  SUftpicEB. 

i.  “X*  REPRESENTS  THE  NOMINAL  LINEAR  DiMENSlOU 
TO  A  VALVE  SEAUNR  SURnkCE . 

4.  ••X+E"  REPRESENTa  THE  NoMlHAL  betml  IXMBNSION 
TO  A  VALVE  CAVITY  SEALIMO  SURFACE  . 

5.  THE  VALVE  SEALING  SURFACES  SHALL  SE 
parallel  within  002  F.I.R.  ANb  PERPENCMCULAR 
T3  THE  THREAD  AXIS  WITHIN  ,.008  P.I.R. 

tME  VALVE  C/WITY  SEALINR  SURFACES  SHALL 
BE  parallel  within  .002  P.I.R.  AND  PERPEND¬ 
ICULAR  TO  THE  THREAD  AXIS  WITHIN  .008  F.I.R. 

7.  all  SEAUNG  surfaces  SHAa  HAVE  A  MINIMUM 
HARDNESS  OF  ROCKWELL  C-SS . 


DASM  I  KIOM 
MO. 


nr 


I -WAV  e«At  cwiTv  (utr) 

rttCssuM 


(X+E)l 


2 


DASM 

NO. 


-0003 

-0782 

-0004 


-0982 

-OOOB 

-1182 

-OOP* 


-1388 

-0007 

-1882 

-0008 


-1732 

-0009 

-1982 

-OOIO 

-aisi" 

-ooit 

-8382 

-0012 


-8882 

-0019 

-2732 

j::OOIA- 


-2992 

-0018 

-8182 

-OOl* 


-0017 

-oota 

-0019 

-0020 

"=oosr 

-0022 

-0029 

-0024 

-0029 

-0724 

-0027 

-0028 


-0029 

-0030 

-0031 

-0092 

-0033 

-0034 

-0035 

-0037* 

-0038 

-0039 

-0040 

-0041 

-0042 

-0043 

_;0044 

-ob^" 

-0044 

-0047 

-0048 


180*  OKIE-* WAV  5EAU 

1 .  TMI3  CHART  TO  BE  IWCO  POO  OMS,  WAV 

I SEALS  ONLV  . 

2.  avMBOL  T  DF.NOTES  SEAUNG  SOOPACEe. 

3.  “X"  REPRESENTS  THE  NOMINAL  LINEAR 
DIMENSION  TO  A  VALVE  SEALING  SURFACE. 

4.  •X4-B*  REPRESENTS  THE  NOMINAL  DEPTH 
DIMENSION  TO  A  VALVE  CAVITY  SCAUNG  SURFACE. 

B.  THE  VALVE  SEALING  SURFACES  SHALL  BE 

PARALLEL  WITHIN  .004  F.I.R.  AND  PERPENOICUCAR 
TO  THE  THREAD  AXIS  V/ITHIN  .003  F.l*. 

6.  THE  VALVE  CAVITY  SEALING  SURFACES  SHALL  BE 
PARALLEL  WITHIN  .008  F.I.R.  AND  PERPENDICULAR 
TO  THE  THREAD  AXIS  WITHIN  4X)S  F.I.R. 

7.  ALL  SEALING  SURFACES  SHALL  HAVE  A 
minimum  HARDNESS  OF  ROCKWELL  C-3B  • 


NOM 

I.D. 

“vC 


M. 


»/42 


VU 

-it 


W* 

!Ha 


J4 


ii. 


it 

Jtk 


•Vit 


'ii4 


*♦'32 


*na 


mi 


•Km 


TW 
I  '/« 


— rw~ 

I  M 

I  */i* 

“Us- 

I  Vt 

1  1144 


1  ITK 


214 

a 

a  % 

■"*br 

a  M 
a  *Mt 

_ 


aw 

2  7/j| 

2  iVa 


A 

dia 


.laa 

.219 
■  290 
.281 
.318 
.944 

-tHI- 

.438 

.449 

.900 


^99l 

.849 

.994 

-i429 

~Iiir 

.480 

.719 

.790 


.781 

.819 


.879 


.998 
.949 
I  OOP 
1.049 
1.129 
1.168 
1.390 


"TTsir- 

1.379 

1.438 

_i.900 

l.94i* 

1.429 

1.488 

1.790 

iTais 

1879 

1.938 

2.000 

2.043 

2.123 

a. 180 

__2^00  _ 

a.  $19 
2.373 
2.433 
_2.BOO 
a".  M3 
2.423 
2.4413 
2.730 


2.013 

2.873 

2.933 

aooo 


4.000 

-X>OI 


+.000 

-.002 


B 

lA  MIN 

c 

DtA 

D 

tXA  MAX 

.873 

.199 

.178 

.404 

.224 

.209 

.43!] 

.2»» 

.240 

.206 

.271 

.498 

-.318 

.803 

.629 

.949 

.834 

.840 

.300 

.349 

.091 

.^li 

.3  96 

.423 

.443 

.428 

.494 

.474 

.499 

.489 

.503 

.490 

.714 

.a36 

.9ar 

.748 

.348  , 

.993 

.779 

.599 

.984 

.810 

.430 

.419 

.441 

■  :isr 

'  '.IW"' 

.879 

.493 

.478 

.904 

.724 

.709 

.939 

.795 

.740 

.944 

.784 

.7TI 

.998 

.818 

-2X)0 

.803 

1.029 

.849 

.834 

1.060 

.eeo 

.aes 

1.091 

.911 

1S9S 

1.123 

.943 

.928 

1.134 

.974 

.939 

1.185 

1.009 

.990 

r.24«  “ 

1.048 

~Tr69i‘- 

1.310 

1.130 

I.IIB 

1.373 

1.193 

1.178 

1.433 

1.25a 

1.240 

i.498 

T.318 

r.3d3 

1.340 

i.seo 

1.349 

1.423 

1.445 

1.428 

1  (>83 

1.309 

t.490 

1.748 

1.548 

1.593 

1 .610 

1.430 

1.415 

1 .875 

1.693 

1.470 

1.953 

1.73.5 

1.740 

1.998 

1.818 

1.603 

2.060 

1.880 

1.849 

2.ta'i 

194  3 

1928 

2.237 

1.990 

2.300 

2.6^ 

2  093 

2.362 

2.1  30 

2 .  M  5 

2.423 

2.»VJ 

2.178 

2.4c7 

2.255 

2.240 

2.330 

2  318 

2.303 

2.412 

2.360 

2.3C!i 

2.479 

2.443 

a. 426 

2.737 

-.ooo 

2.490 

2.400 

2  546 

2.553 

2.<m>2 

2.4  vO 

2.413 

2.923 

a. 6/6 

?..y«7 

2  755 

2.740 

3. 030 

2.oi4i 

2. 803 

3  ita 

2.6<K> 

2.049 

S.iVtA 

2 .  >  .Vi 

J  .M7 

3.CO<i 

.079 


t 

•t  1 1 


.11 1 


.074 


•074 


.104 


.104 


Q 

MAX 


.03 


.09 


.OB 


.05 


Pi,'fure  V 
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y  +.000  -<1' 

^  -.003^  I'l 
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S' 
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^  -003 

-G  OIA 

•A  OIA 


TWO-WAY  SEAL 


1.  THIA  CHART  TO  BE  USED  TOR  TWO - 

VVAy  SEALS  OWLY. 

2.  symbol  ▼  DENOTES  SEALINfi  SURFACED. 

3.  “X"  BEPMHSENTO  THE  NOMINAL  LINEAR 
niMEMC'ION  TO  A  VALvr  SEALIN6  SUWPACF. 

4.  "X  +  E“  REPRESENTS  TMF.  NOMINAL  I'EPTIt 
DIMENSION  TO  A  VALVE  CAVITY  SrALlMC.  SI'l.T  AC'E 

A.  THE  VALVE  SEALING  SURrArFS  SHALL  BE 

BARALLri,  WITIIII.I  .002  EI.R.  AMO  PERPEMOir.M  AR 
TO  THE  THREAP  AXIS  WITHIN  .003  F.I.R 

6.  THE  VALVE  CAVITY  SrALINC,  SURFACED  OHA'  BE 
PARALLEL  WITHIN  .002  F.I.R.  AND  PERPENI 'Id  U  Ai.’ 

TO  THE  THREAD  AXIS  WITHIN  .003  F.I.R. 

7.  ALL  SEALIMfi  SURFACES  SHALL  NAVE  A 
MINIMUM  HARDNESS  OF  ROCKWELL  C-35. 


DASH  NOM 
NO.  I.D. 
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APP15HDIX  II -6 . 

EFFECT  OF  CAVITI,  COJWNENT 
AND  SEAL  TOIERANCES  ON  SQUEEZE 


REQUIRED  SEAL  DEFLECTIONS 


THE  table  below  SHOWS  THE  SEAL  DEFLECTIONS 
REQUIRED  FOR  SEALS  MADE  TO  VARIOUS  TOLERANCES. 
THE  AllOVVABLE  SEAL  DEFLECTION  MUST  BE  SREAT 
EKIOUGH  TO  ACCOMMODATE  THE  TOTAL  TOLERANCE  SPREAD 
IN  THE  SEAL  CAVITV  AND  Ok)  THE  SEAL  ITSELF  PLUS 
the  MINIMUM  DEFLECTION  REQUIRED  TO  INSURE 
PROPER  SEALING. 

ASSUME  MINIMUM  DEFLECTION  REQD  -  .004 

TOTAL  DEFLECTION  =  TOTAL  TOLERANCE  SPREAD 

+  MHO.  REQD.  DEFLECTION 


I 


mzzri^ 

I 


i 

L  H  ±  TOL. 


SEAL 

TOLERANCE 

RLQD 

DEFLECTION 

±  .001 

.016 

±.002 

.018 

±.003 

.020 

±  .004 

022 

±  .005 

.024 

i.006 

.026 

±  .007 

.028 

±  ,00a 

_ 1 

.030 

H  ±  TOULRAMOSft 


A-SSUME  SEAL  TOLER. AWCES  b  ^.002 

MAX.  SEAL  WEIGHTS  H  •+ .002  »  H' 

MIW.  SEAL  MEI6MT  =  H  -.002  •  H* 

SEAL  CAVITV  TOLERAKIOES  =  -.'^4  (PROM  PCECEDIWS  PAOI^ 

MAX.  CAVITV  DEPTH  =  D-t-.006s  D' 

MIN.  CAVITY  DEPTH  »  D  -  .004  »  D'' 

MAXIMUM  CAVITV  DEPTH  MUST  BE  EOUAL  TO  OB  LESS  THAW 
MINIMUM  SEAL  HEI6HT  MINUS  MINIMUM  SOUEEZE . 

D'  4  H"-  MIW.  SOUEEZE 

MINIMUM  CAVITY  DEPTH  MUST  EE  EQUAL  TO  OR  GREATER  THAW 
MAXIMUM  SEAL  HEIGHT  MINUS  MAXIMUM  SQUEEZE. 

D"  ^  H'  -  MAX.  SQUEEZE 
assume  MINIMUM  REQUIRED  SQUEEZE  >  .004 

TOTAL  SQUEEZE  REQUIRED  =  TOTAL  TOLERANCE  SPREAD  +  MlN.  SQUEEZE 


MIN.  CAVITY  WITH  MAX.  SEAL-  .006  (jcAvlTv) 

•  002  6eAi.) 

.008  .006 

MAX.  CAVITY  WITH  K/IIN.  SEAL  -  .004  ^AViT^ 

.0  02 

.006  .006 

TOTAL  TOLERANCE  SPREAD  =  .0|4 

4  MIW.  SQUEEZE  -L  .004 

TOTAL  SQUEEZE  REQUIRED  -  .Old 


219 


OR ; 

TOLERAMCE  VARIATIOM  D'  TO  B"  *  .OlO 
TDLERAKJC6.  VARIATIOM  TO  H"  =  ,004- 

BI4- 

■f  MIN.  SQUEEZE  4  .004 
TOTAL  StaJEEZE  REQUIRED  =  .OIQ 

ASSUME  MOMINAL  SEAL  HEIGHT  =  .I00  4:.002 
CAVITY  DEPTH  =  .OSfi±;ggJ 
MIM.  SQUEEZE  =  .004 
MAX.  SQUEEZES  .016 

T>'  It  H*  -  .004 
.094^  .096 -.004  v/ 

H'-  .018 

.064^  .102-  .018  v/ 


SEAL  TOL, 

TOTAL 

TOL. 

SPREAD 

±.OOI 

.002 

+ 

.010 

±.002 

.004 

+ 

.010 

±  .003 

.006 

+ 

.010 

±  .004 

.008 

+ 

.OlO 

A. 005 

.OlO 

+ 

.OlO 

±.006 

.012 

4 

.OlO 

±.007 

.014 

-4 

.010 

±.008 

.016 

4 

.010 

min.  squeeze  =  REQUIRED  SQUEEZE 


.004 

.016 

.004 

.018 

.004 

.020 

.004 

.022 

.004 

.024 

.004 

.026 

.004 

.028 

.004 

.030 

APPENDIX  II-7 


SEAL  COMPRESSION  TEST  SET  UP 


FORCE  VS.  DEFLECTION  CURVES  FOR  HI-CEAL 


Seal  Compression  Test  Setup 


Compression  Test  M^CHIME 


Detail  A 


r  PoRct  Indicator 


3oivWJjhi'i N!  .yvu/  ^  B:juozi  djlijuT 


~^e.ecT/OAJ^ 
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APPENDIX  II-8 

CALCULATION  TO  DETESMINE  DBSIRABIE  UMIT 


OF  BI-CEAL  COMmsSSIVE  FORCE 


231 


APPEWDIX  II -7 

CALCULATION  TO  DETERMIHE  DESIRABLE  LIMIT 
OF  HI-CEAL  COMPRESSIVE  FORCE 


PRL':.3URE  OPLRMl.L;  SMUT-OFF  VALVE. 
CLASS  C 


1.  It  is  desirable  to  keep  the  compressive  force  of  the  Hl-Ceeds  as  low 
as  possible  so  that  component  Installation  torque  will  not  be  excessive. 
Because  of  the  niunber  and  size  of  the  Hl-Ceals  involved^  the  Class  C  pressvire 
operated  shut-off  vsdve  will  require  the  greatest  instedlation  torque.  A 
maximum  installation  torque  of  2,000  Inch/pounds  is  estimated  as  a  reasonable 
limit.  This  value  should  allow  enough  compressive  force  to  effect  low  pres¬ 
sure  sealing,  while  not  causing  luinecessary  component  instcdlation  tozxiue 
problems. 

2.  Assume  force  to  deflect  Hl-Ceals  Is  100  pounds  per  inch  of  Hl-Ceal 
circumference. 

3.  Estimate  coefficient  of  friction  stainless  steel  on  stednless  steel 
to  be  O.U  . 

4.  Radii  to  points  of  seed  contact: 


(a)  1.1^  Inches 

(b)  .84  inch 

(c)  .75  inch 


(d)  .63  inch 

(e)  .46  inch 
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3.  Torque  caused  by  seal  friction: 

Tq  -  /ju  P  r  ■  friction  coefficient  (.4) 


P  -  load 
r  ■  radius 

Tg^  -  .V  (100  #/ln.)(ir  2.30  in.)(l.l5  in.)  -  332  in.  # 
Te  -  (100  #/in.)(lf  1.68  in.)(  .84  in.)  -  178 

'^83  ■  #An*)(lf  1*49  ln.)(  .75  in.)  -  l4l 

Tgj^  -  .4  (100  #/in.)('n' 1.27  in. )(  .63  in.)  -  100 

Tg^  ■  (100  #/in.)(Tr  .92  ln.)(  .48  In.)  -  56 

TOTAL  (Tg)  -  807  in.  # 

6.  Torque  caused  by  thread  friction: 

,  cos  9  tan  a  +  t 

T+  *  W  - 

cos  9  -  yM  t  tan  a 


where :  T^  »  torque 

^  ^  a  thread  pitch  radius  »  .  .873 


W  a  total  load 

9  ■  thread  half  angle  (30*) 

a  «  thread  helix 


tan  a  a 


.0833 


Pitch  Circumference 


.0136 


/A  a  coefficient  of  friction  (.4) 

W  a  100  ///in.  (tt  X  2.30)  +  (11  X  1.68)  +  (it  X  1.49)  +  (iT  x  1.27)  +  (iT  X  .92) 
W  a  2400  # 

,  ,  .  .866  (.0136)  +  .4 

Tt.  .873  .866  -".V-oiW 

Tt  -  1020  In.  f 


7.  Total  Torque: 


T  =  T3  +  Tt 


T  a  O07  +  1020 

T  a  1827  in.  # 
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7*  Conclusions: 

If  2,000  inch  pounds  Is  considered  a  maximum  installation  torque, 
BL-Ceal  compressive  forces  should  not  exceed  100  pounds  per  inch  of  seal 
circumference. 

NOTE:  It  vas  later  established  that  a  higher  seal  compressive 
force  vas  necessary  and  that  excessive  torque  problems 
could  be  handled  by  presetting  each  seal  prior  to  component 
Installation  (see  discussion  In  Section  2). 


AFPEKDIX  n-9 

EI-CEAL  TEST  SUMARY 
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MILITARY  SPECIFICATION 

HYDRAULIC  COMPONENTS,  MODULAR, 

GENERAL  SPECIFICATION  FOR  THE  PACKAGINO  OF 

1.  SCOPE 

1.1  Scope  -  IhlB  specification  covers  the  requlreaentB  that  are 
comoa  to  pacltaglng  modular  hydraulic  comp<»)entB  for  use  In  Type  III 
hydraulic  systems  conforming  to  MIL>H>8891. 

1.2  Classification.  -  Aircraft  hydraulic  systems  in  which  packages 
covered  by  this  specification  are  to  be  used  shall  be  of  the  following 
type: 

Type  III:  Pressure  range:  0-4000  PSI 

Temperature  range:  -65*F  to  +450*P 

2.  APPLICABLE  DOCUMENTS 

2.1  Ibe  following  specifications,  standards,  drawings,  and 
publications,  of  the  Issue  in  effect  on  date  of  Invitation  for  bids,  form 
a  part  of  this  specification  to  the  extent  specified  herein: 


Plywood,  Container  Grade 

Cushioning  Materials,  Celluloslc 

Boxes;  Fiber,  Solid,  (for  Domestic  Shipment) 

Boxes;  Wood,  Cleated  -  Plywood 

Boxes;  Wood,  Nailed  and  Lock -Corner 


Packaging  and  Packing  for  Overseas  Shlpnent-Buxes 
Flberboard,  Exterior  and  Interior 

Preservation,  Methods  of  • 

Barrier  Material,  Water  Vnporproof,  Flexible 


SPECIFICATICWS 

Federal 

HN-P-515 

PPP-C-843 

PPP-B-636 

PPP-B-601 

PPP-B-621 

Military 

JAN-P-108 

MIL-P-116 

MIL-B-131 
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Military  (coot) 
MIL -C -5501 

MIL-H-6003 

MIL-I-6868 

MIL-S-77U2 

MIL-M-7911 

MIL-H-8446 

MIL-H-8891 

MIL-D-70327 


Closvire,  Aircraft,  Tubing  Protective 

Oil;  Preservative,  Hydraulic • Equipment 

Inspection  Process,  Magnetic  Particle 

Screw  Threads,  Standard  Aeronautical 

Marking,  Identification  of  Aeronautical 
Equipment,  Assemblies,  and  Parts 

Hydraulic  Fluid,  Nonpetroleum  B-^se,  Aircraft 

Hydraulic  Systems,  Type  III  and  Type  IV, 
Installation,  Design  and  Tests,  Aircraft 
(General  Specifications  for) 

Drawings,  Engineering  and  Associated  Lists 


Standards 

MIL-STD-10 

MIL-STD-129 

MIL -STD-130 

MIL-STD-143 

MS20995 

MS33540 

MS33568 

MS 

MS 

MS 

MS 

MS 

MS 


Surface  Roughness,  Waviness  and  Lay 
Marking  for  Shipment  and  Storage 
Identification  Marking  of  U.  S.  Military  Property 
Specification  and  Standards  Use  of 
Wire -Lock 

Safety  Wiring  -  General  Practices  for 
Metals,  Definition  of  Dissimilar 


MODULAR  VALVES 


MS 
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Standards  (Cont) 

MS 

MS 

MODULAR  VALVES 
MS 

MS 

MS 

Ms 

MS  HI -SEALS 

DRAWINGS 

Air  Force  -  Navy  Aeronautical  Standard  Drawings 

ANDIOO5O  Bosses,  Standard  Dimensions  for  Gasket  Seal 

Straight  Thread 

•  (Copies  of  specifications,  standards,  drawings  and  publications 
required  by  contractors  in  connection  with  specific  procurement  functions 
should  be  obtained  from  the  procuring  activity  or  as  directed  by  the 
contracting  officer.) 

3.  REQUIREMENTS 

3»1  General  -  In  case  of  conflict  between  the  requirements  of  this 
specification  and  a  detail  specification  covering  the  requirements  of  a 
specific  Item  of  hydraulic  equipment,  the  requirements  of  the  detail 
specification  shall  take  precedence  over  those  of  this  specification. 
Additional  requirements,  applicable  to  a  specific  component,  but  not 
common  to  all  components,  will  be  covered  by  the  detail  specification. 
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3.2  Materials.-  Materials  shall  conform  to  applicable  specifications 
and  shall  be  suitably  processed.  Materials  which  are  not  governed  by 
applicable  specifications  may  be  used  providing  it  can  be  demonstrated 
that  their  use  will  result  in  a  superior  product. 

3.2.1  Metals  -  All  metals  used  in  the  construction  of  manifolds  to 
house  modular  hydraulic  valves  shall  be  compatible  with  the  fluid,  temperature, 
service,  and  storage  conditions  to  which  the  component  will  be  exposed. 

The  metals  shall  possess  c(»'roslon-reslstant  characteristics  on  Internal 
and  external  axirfaces  or  slmll  be  protected  by  the  use  of  coatings  to 
resist  corrosion  which  may  result  from  hydraulic  fluid,  dissimilar  metal 
cooblnatlons,  moisture,  salt  spray,  and  hlg^ -temperature  deterioration  as 
applicable . 

3. 2. 1.1  Stabilization.-  For  structural  and/or  dimensional  stability,  a 
cold  stabilization  ti^atment  is  considered  necessary  operation  in  the 
fabrication  of  critical  parts  made  from  certain  materials.  Where  such 
materials  are  used,  the  detail  specification  shall  specify  the  materials 
and  the  processing  required. 

3.2.2  Plating 

3. 2. 2.1  Chromium  Plating  -  Chromium  plating  shall  not  be  used  on 
metallic  seal  seating  surfaces. 

3.2.3  Storage  Life  -  All  materials  shall  insure  satisfactory  service 
after  normal  storage. 

3.2.4  Fabrication  Practices  and  Standards  -  Oiieciflcations  and 
standards  for  all  materials,  ports,  processes,  and  equipment,  which  are 
not  specifically  designated  herein  and  which  are  necessary  for  the 
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execution  of  this  Bpeclficatlon,  shall  be  selected  in  the  order  of 
preference  specified  In  Air  Force  -  Navy  Aertmautlcal  Bulletin  No.  143 
except  as  provided  in  the  following  paragraph. 

3. 2. 4.1  Standard  Parts  -  Standard  parts  (MS,  AN,  or  JAN)  shall  be 
used  wherever  they  are  suitable  for  the  purpose,  and  shall  be  identified  on 
the  drawings  by  their  part  numbers.  Commercial  utility  parts  such  as 
screws,  bolts,  nuts,  cotter  pins,  etc.,  may  be  used,  provided  they  possess 
required  properties  and  are  replaceable  by  the  standard  parts  (MS,  AN, 

or  JAN)  without  alteration,  and  provided  the  corresponding  standard  part 
nvimbers  are  referenced  in  the  parts  list  and,  if  practicable,  on  the 
contractor's  drawing.  In  the  event  there  is  no  corresponding  standard 
part  in  effect  on  date  of  invitation  for  bids,  commercial  parts  may  be 
used  provided  they  conform  to  all  requirements  of  the  detail  specification. 

3.3  Design  and  Construction 

3.3.1  General  -  Manifolds  designed  to  house  modular  hydraulic 
comi>onent8  may  be  individual  parts,  part  of  a  hydraulic  actuator,  inimp, 
or  similar  equipment,  or  part  of  the  vehicle  structure.  The  manifold  may 
be  designed  to  contain  one  or  more  modular  components.  Both  the  manifold 
and  the  package  (the  package  consists  of  the  manifold  with  its  modular 
components  installed)  shall  meet  the  test  requlrementa  noted  herein.  The 
following  general  design  suggestions  shall  be  considered. 

(a)  Determine  which  modular  components  are  to  be  grouped  into 
one  manifold  and  prepare  a  schematic  of  the  function  this 
grouping  is  to  perform. 

(b)  Determine  allowable  space  envelope  for  the  package. 

(c)  Determine  what  type  accessibility  to  both  component  and 
package  is  required. 
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(d)  Determine  the  dlrectlcm  hydnullc  lines  B];iiould  enter 
and  leave  the  manifold  and  select  means  of  connecting 
hydraulic  lines  to  the  manifold. 

(e)  Determine  means  of  mounting  the  package. 

(f)  Determine  either  before  or  during  the  design  whether 
the  manifold  is  to  be  a  hog  out,  casting,  or  forging. 

(g)  The  above  information  shall  be  utilized  in  arranging  the 
components  in  relation  to  each  other. 

(h)  Coat  and  wei^t  savings  shall  be  considered  throughout 
the  design. 

3. 3 *2  Fluid.-  The  hydraulic  fluid  used  shall  be  in  accordance  with 
MIL-H-8l^46. 

.  3*3«3  Temperature  Range  -  The  manifold  shall  perform  satisfactorily 
throughout  the  temperature  range  of  -65*F  to  +U50*F. 

3<3<^  Metallic  Seals  -  Metallic  seals  shall  be  used  as  the  means  of 
fluid  pressure  sealing.  The  type  metallic  seal  used  shall  be 
in  accordance  with  MS 

3>3>^«1  The  manifold  sealing  surface  shall  have  a  minimum  hardness 
of  Rc34. 

3.3*5  Cavity  Dimensions  -  Dimensions  and  tolerances  for  standard 
modular  cavities  shall  be  in  accordance  with  the  applicable  MS  modular 
valve  drawing  of  paragraph  2.1. 
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i 

3«3>6  Porta  -  Type  III  manifold  porta  for  connecting  fittinga,  or 
hydraulic  lines  directly  to  the  manifold,  shall  be  equivalent,  or 
superior,  to  the  AND10030  Boss  configuration  used  in  Type  I  and  II  hydraulic 
systems.  Where  ports  are  not  per  AND10050,  the  configuration  shall  be 
subject  to  the  approval  of  the  procuring  activity.  Varloxis  types  of  port 
configurations  \dilch  may  be  considered  for  Type  III  systems  are  itemised 
below: 

(a)  ANDlOO^O^oss  in  conjunction  with  acceptable  packing 
suitable  for  the  temperatures  and  pressures  encountered. 

(b)  Modified  AND10030  boas  with  redesigned  sealing  surface  to 

accommodate  the  M3-  metallic  seal. 

(c)  Threaded  Integral  male  projection  of  the  manlfdld  in 
conjunction  with  suitable  fittings. 

(d)  Special  boss  design  to  acoomnodate  special  fittings 
suitable  to  the  specific  application. 

(e)  Brased  Joint  utilising  brased  fittings  to  provide  a 
permanent  all  brazed  manifold-to-line  Joint. 

(f)  Pace -mounted  part  utilizing  the  MS 
metallic  seal  for  face-mounted  manifolds. 

Tube  fittings  and  tubing,  if  incorporated  into  the  manifold,  shall  con¬ 
form  to  requirements  in  Specification  MIL-H-889I. 

3. 3. 6. 3  Narking  of  Ports  -  All  ports  shall  be  clearly  and 
permanently  marked  to  Indicate  the  proper  connections  to  be  made.  De- 
calcomanias  shall  not  be  considered  permanent  marking. 

3. 3. 6. 4  Manifold  Fluid  Passages  -  Manifold  fluid  passages  shall  be 
routed  in  such  a  way  as  to  require  the  minimum  nuoiber  of  manifold  ports. 

See  Figure  t. 
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3.3*7  Bleeder  Plugs  -  When  required  to  meet  the  provisions  of 
Specification  MIL-H-0891,  as  applicable,  tar  bleeding  of  entrapped  air 
suitable  bleeder  pluga  shall  be  provided  at  the  hlc^at  practicable 
point  in  the  manifold.  Suggested  types  are  AN6i4  plugs  Installed  In 
bosses  conforming  to  ANDIOO^,  ANDIOO^O  modified,  or  ANDIOO67.  Other 
types  may  be  used  subject  to  approval  of  the  procuring  activity. 

3.3.8  Plugs  -  The  use  of  permanent  plugs  In  manifolds  (sometimes 
called  pin-plugs,  or  expansion  type  plugs)  shall  be  held  to  a  minimum 
consistent  with  good  design.  Caution  shall  be  used  In  the  manifold 
design  ^en  specifying  location  of  expansion-type  permanent  plugs  to 
avoid  problems  that  may  be  caused  by  dlstortl(Xi  and  highly  stressed 
areas  within  the  manifold. 
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3.3*9  ^Iluf^ada  -  All  threads  shall  be  Class  3  threads  In 
accordance  with  Specification  MlL-S-77^2. 

3.3.10  Safetying  -  Provisions  shall  be  made  for  safety  wiring 
the  components  to  the  manifold.  Safety  wire  shall  be  applied  in 
accordance  with  the  practice  outlined  in  standard  MS335**^0  and  shall 
conform  to  drawing  MS20995. 

3.3.11  Surface  Poxighness  -  Svirface  roughness  finishes  shall  be 
established  and  shall  be  specified  on  the  manufacturer's  assembly  drawing 
aa  outlined  in  MIL-STD-10.  All  sealing  surface  machine  finishes  shall 
be  held  to  the  finishes  specified  by  the  applicable  modular  valve  cavity 
MS  drawing  noted  in  paragraph  2.1. 

3.3.12  Thread  Lubricant  -  Any  thread  lubricant  used  to  facilitate 
installation  of  the  modular  valves  shall  be  compatible  with  the  hydraulic 
fluid  and  shall  not  affect  operation  of  components  in  the  system. 

3.3.13  Module  Accessibility  -  Whenever  practicable  the  manifold 
shall  be  designed  so  as  to  permit  installation  and  removal  of  each 
module  without  requiring  removal  of  adjacent  modules.  Adequate 
clearance  for  standard  tools  shall  be  provided.  Accessibility  of  the 
complete  package  for  installation  and  removal  shall  be  a  design  re¬ 
quirement. 

3.3.14  Module  Attitude  -  The  manifold  shall  be  designed  so  as  to 
position  all  MS  modules  in  attitudes  most  suitable  to  the  Intent  of  the 
design,  nie  one  exception  is  that  filters  shall  be  mounted  so  the 
filter  bowls  are  in  the  normally  down  position.  See  Figure  2. 

3.3.15  Module  Installation  Torque  -  Installation  torque  require¬ 
ments  of  many  of  the  modular  ccxnponents  are  quite  high;  therefore,  pro¬ 
visions  for  gripping  the  manifold  when  installing  the  valves  shall  be 


a  design  consideration. 
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3>3«16  Structural  strength  -  The  manifold  shall  have  sufficient 
strength  to  withstand  all  combinations  of  loads  resulting  from  hydraulic 
pressurOi  temperatxure  variations,  and  valve  Installatlcm  torques. 

3.3.17  Weight  -  The  weight  shall  be  kept  to  a  minimum  consistent 
with  good  design,  and  shall  be  specified  on  the  applicable  drawing. 

3.4  Special  Tools  -  The  manifold  design  shall  not  require  the  use 
of  special  tools  for  servicing  the  package. 

3.5  Identification  of  Product 

3.5.1  Marking  -  The  Information  specified  below  shall  be  permanently 
marked  on,  or  attached  to,  each  manifold.  The  Information  marked  in  the 
spaces  provided  shall  be  in  accordance  with  Specification  MIL-M-7911  ®nd 

in  accordance  with  Standard  MIL-STD-I30. 

MANIFOLD;  MODULAR  HYDRAULIC 

Manufactxnrer*  8  Part  No. 

Manufacturer's  Serial  No. 

Decalcomanias  are  not  considered  permanent  marking. 

3. 5. 1.1  Bach  manifold  shall  be  marked  or  tagged  externally  to  indi¬ 
cate  the  standard  replacement  metallic  seal  and  the  quantities  thereof 
used  to  affect  sealing  between  the  modular  valves  and  the  manifold. 

3.6  Interchangeability  -  All  parts  having  the  same  manufacturer's 
part  number  shall  be  directly  and  completely  Interchangeable  with  each 
other  with  respect  to  Installation  and  performance.  Changes  In  manu¬ 
facturer’s  part  numbers  shall  be  governed  by  the  drawing  number  require¬ 
ments  of  Specification  MIL-D-703P7/  or  ns  otherwise  specified  by  the 
procuring  activity. 


3.7  Workmanship 
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3. 7-1  Quality  -  Worloaanahlp  shall  be  of  sufficiently  high  quality 
to  insure  satisfactory  operation  and  service  life.  The  manufacturer  shall 
exercise  extreme  care  In  fabricating,  assembling,  handling,  and  packaging 
valves  to  ass\ire  that  the  components  are  clean  and  free  of  contamination. 

All  parts  shall  be  free  from  pits,  rust,  scrapes,  splits,  cracks,  burrs, 
and  sharp  edges. 

3.7>2  Physical  defect  Inspection  -  All  magnetizable  highly  stressed 
parts  shall  be  subjected  to  magnetic  Inspection  per  Specification  MIL-I-6868. 
Cracks  or  other  Injurious  defects  disclosed  by  the  Inspection  shall  be 
cause  for  rejection.  All  non-magnetlzable  highly  stressed  parts  shall  be 
subjected  to  fluorescent  penetrant  inspection  per  Specification  MIL--I-6866. 
Cracks  or  other  injurious  defects  disclosed  by  the  inspection  shall  be 
cause  for  rejection. 

3*B  Performance 

3.6.1  The  manifolds  shall  satisfy  the  tests  specified  in  paragraph 
4. 2. 2.1. 

3.8.2  The  package  (manifold  plus  modxilar  components)  shall  satisfy 
the  tests  specified  in  paragraph  4. 2. 2. 2. 

4.  QUALITY  ASSURANCE  PROVISKWS 

4.1  Classification  of  Tests  -  The  inspection  and  testing  shall  be 
classified  aa  follows; 

(a)  Preproduction  tests:  Preproduction  tests  are  those 
tests  accomplished  on  samples,  as  specified  In  4.2.1, 
to  determine  that  the  design  of  the  production  item 
meets  the  requieements  of  this  specification. 
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U.l  ClaaBlfication  of  Teata  (cont) 

(b)  Acceptance  tests:  Acceptance  tests  are  those  tests 
performad  m  Individual  lots  which  have  been  BUhnltted 
for  acceptance. 

U.2  Preproduction  tests  -  Preproduction  tests  shall  be  performed 
on  both  the  nmnlfold  and  the  package  as  designated  herein. 

4.2.1  Sampling  Instxniction  -  Preproduction  tests  on  the  manifold 
and  the  package  shall  be  conducted  using  a  representative  sample  of  the 
production  unit. 

4.2.2  Tests 

4. 2. 2.1  Manifold  -  The  preproduction  tests  of  manifolds  shall 
consist  of  the  following  tests,  as  described  under  "Test  methods". 

(a)  Examination  of  product  per  4. 5. 1.1 

(b)  Proof  pressure  per  4. 5.1.2 

(c)  Endurance  in  accordance  with  4.5>1>3 

(d)  Burst  Pressiire  In  accordance  with  4. 5.1. 3 

4. 2. 2. 2  Package  -  Ihe  preproduction  tests  of  the  package  shall 
consist  of  the  following  tests  as  described  under  "Test  Methods" . 

(a)  Examination  of  product  per  4. 5.2.1 

(b)  Proof  pressure  and  leakage  per  4. 5 .2. 2.1 

(c)  External  and  internal  leakage  per  4. 5. 2.3.1  and  4. 5. 2. 3. 2.1 

(d)  Pressure  drop  per  4. 5. 2. 4 

(e)  Extreme  temperature  package  functioning  tests 
per  4. 5. 2. 5.1,  4. 5. 2. 5. 2,  4. 5. 2. 5. 3 

(f)  Endurance  per  4. 5. 2. 6 
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4.2.3  Rejection  and  Retest  of  Preproduction  Samples  -  Ikilure  of 
any  manifold  safeileetBd  to  the  preproductlon  teata  ahall  be  cause  for 
rejection  of  the  naiiilLfold  design  represented. 

4.3  Acceptance  tests 

4.3.1  Sampling  -  Each  manifold  and  package  submitted  for  acceptance 
under  contract  shall  be  subjected  to  the  acceptance  tests  specified  herein. 

4.3.2  Tests 

4. 3. 2.1  Manifolds  -  Acceptance  tests  of  manifolds  shall  consist  of 
the  follotfing  tests,  as  described  under  "Test  Methods": 

(a)  Examination  of  product  per  4.^.1.! 

(b)  Proof  pressure  and  leakage  per  4. 5.1.2 

4. 3. 2. 2  Packages  -  Acceptance  tests  of  the  packages  shall  consist 
of  the  following  tests,  as  described  under  "Test  Methods" : 

(a)  Examine tl<m  of  product  per  4. 5. 2.1 

(b)  Proof  Pressure  per  4.5. 2. 2.1 

(c)  External  and  Internal  leakage  per  4. 5. 2. 3.1  and  4. 5. 2. 3. 2. 2 

(d)  Function  test  per  4. 5. 2. 5. 4 

4.3.3  Rejection  and  retest  -  Failure  of  any  manifold  or  package 
to  conform  to  any  of  their  acceptance  tests  shall  be  cause  for  rejection  of 
that  manifold  or  package  and  the  lot  represented.  Manifolds  or  packages 
which  have  been  rejected  may  be  reworked  to  correct  the  defects  found  in 
the  original  and  resubmitted  for  acceptance.  Before  resubmitting,  full 
particulars  concerning  previous  rejection  and  the  action  taken  to  correct 
the  defects  found  In  the  original  shall  be  furnished  the  Inspector.  Units 
rejected  after  retest  shall  not  be  resubmitted  without  the  specific 
approval  of  the  procuring  activity. 
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Test  Conditions 

4.4.1  Optional  procedures  -  At  the  option  of  the  procuring  activity, 
any  of  the  test  requirements  specified  herein  may  he  modified  or  waived 
owing  to  design  or  operating  considerations.  Request  for  modification  or 
waiver  of  test  requirements  must  be  accompanied  by  complete  detailed 
information. 

4.4.2  Test  fluid  -  Unless  otherwise  specified  by  the  procuring 
activity,  all  preproduction  and  acceptance  tests  shall  be  performed  with 
oil  confomlng  to  Specification  MIL-H~®!-46. 

4.4.3  Temperatxires  -  Except  where  otherwise  specified,  the  tests  of 
this  specification  shall  be  conducted  at  a  room  temperature  of  50^  to 
110°F.  Oil  temperature  n»y  range  from  70°  to  130°P.  In  preproduction 
tests  the  approximate  temperature,  except  where  specific  temperatures 
are  required,  dxirlng  the  tests  shall  be  recorded  in  the  report. 

4.5  Test  Methods  >  The  following  tests  are  separated  into  those 
applying  to  the  manifold  only  and  to  those  applying  to  the  package  only. 

4.5.1  Manifold 

4. 5.1.1  Examination  of  product  >  Bach  manifold  shall  be  carefully 
examined  to  determine  conformance  with  the  requirements  of  this  specl- 
flcatl<xi  for  weight,  worknanshlp,  marking,  conformance  of  dimensions 

to  applicable  drawings,  and  for  any  visible  defects.  The  determinatlrai 
of  surface  finish  shall  be  made  with  a  prof lloroeter ,  comparator  brush 
analyzer,  or  equally  suitable  comparison  equipment  with  an  accuracy 
of  ±5  micro-inches  at  the  level  being  measured. 
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4. 5. 1.2  Proof  Pressure  >  The  manifold  shall  have  suitable 
plugs  at  all  sndular  oompooeot  cavities  and  porting  other  than  the 
presavore  port.  A  hydraulic  proof  pressure  equal  to  1.5  tines  the 
nomal  system  operating  pressure  shall  be  applied  at  least  tvo 
successive  tines  and  held  for  two  minutes  for  each  application.  There 
shall  be  no  evidence  of  external  leakage  (other  than  a  slight  wetting 
Insufflclant  to  form  a  drop),  excessive  distortion,  or  permanent  set. 
This  test  shall  be  performed  at  95  t  15^  for  acceptance  tests  and 
450^  for  qualifies tl(xi  tests. 

4.5«1.3  Burst  Pressure  >  The  manifold  shall  withstand  a  burst 
pressure  of  2.5  times  the  normal  system  operating  pressure,  and  shall 
be  applied  at  a  maximum  pressure  rise  rate  of  25,000  psi  per  minute. 

The  manifold  shall  not  rupture  under  this  pressure.  This  shall  be  the 
last  test  performed  because  of  its  destructive  nature. 

4. 5.1.4  Endurance  -  The  manifold  shall  be  subjected  to  a 
hydratillc  Impulse  test  in  accordance  with  the  requirements  of  the 
detail  specification  to  establish  reliability  of  the  fatigue  strength. 
The  detail  specification  shall  Indicate  number  of  impulse  cycles, 
schedule  of  cycling,  cycle  rate,  temperature  and  impulse  peaks.  The 
number  of  cycles  selected  shall  be  applicable  to  the  duty  cycle  over 
the  anticipated  life  of  the  particular  aircraft. 

4. 5. 1.5  External  Leakage  -  During  the  course  of  testing  the 
manifold,  external  leakage  other  than  a  slight  wetting  insufficient 
to  form  a  drop,  shall  be  cause  for  rejection. 
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4.^.2  Package  (Manifold  vlth  modular  components  installed) 

4. 5. 2.1  Examination  of  Product  >  Each  package  shall  be  carefully 

t 

examined  to  determine  conformance  with  the  requirements  of  this  speci¬ 
fication  for  design,  workmanship,  markings,  applicable  drawings  and  for 
any  visible  defects.  Particular  examination  shall  be  made  to  Insure 
tliat  the  modular  component  flanges  are  bottomed  out  on  the  manifold. 
fEhe  manufacturer's  drawings  and  the  manufacturer’s  applicable  specification 
which  were  approved  when  qualification  or  approval  were  granted  will  be 
used  by  the  Inspector  as  necessary,  to  determine  that  the  packages  sub¬ 
mitted  for  acceptance  under  contract  are  Identical  to  the  design  approved 
by  the  procuring  activity. 

4. 3. 2. 2  Pressure  Dests 

4. 5. 2, 2.1  Proof  Pressure  -  A  proof  pressure  equal  to  1.5  times 
normal  system  pressure  shall  be  applied  at  least  two  successive 
times  and  held  2  minutes  for  each  application.  The  cooqp<xient8  shall 
be  operated  through  their  normal  function  between  applloatlons  of  the  test 
pressure.  There  shall  be  no  external  leakage,  other  than  a  slight 
wetting  insufficient  to  form  a  drop,  excessive  distortion,  or 
permanent  set.  This  test  shall  be  performed  at  9?  t  15°?  for 

t 

acceptance  tests  and  450  t  15^  for  qualification  tests. 

4. 5.2.3  Leakage  Tests 

4.5.2.3<1  External  Leakage  -  There  is  no  specific  test  for 
external  leakage,  but  during  the  course  of  all  tests  listed  in  this 
specification,  external  leakage  other  than  a  slight  wetting,  in¬ 
sufficient  to  form  a  drop,  shall  be  cause  for  rejection. 


asi 
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U. 3. 2. 3*2  Internal  Leakage 

U. 3. 2. 3. 2.1  Preproduetlon  Tests  -  These  tests  shall  be  performed 
vith  the  package  held  In  the  position  most  conducive  to  leakage.  The 
package  shall  be  tested  for  Internal  leakage  by  applying  3  pal,  30^  of 
working  pressure,  and  working  pressure  for  a  period  of  30  minutes  each, 
unless  otherwise  specified  In  the  detail  specification.  The  leakage 
measurement  period  shall  begin  2  minutes  after  the  application  of  the 
required  pressure.  The  package  compments  shall  be  actuated  between 
pressxure  applications.  The  rates  of  Internal  leakage  shall  not  exceed 
those  specified  In  the  detail  specification. 

4.3.2.3<2.2  Acceptance  Tests  >  These  Internal  leakage  teste  shall 
be  performed  with  the  package  held  In  the  position  most  conducive  to 
leakage.  Pressures  of  3  psl  and  working  pressure  shall  be  held  for  a 
period  of  3  minutes  each,  unless  otherwise  specified  In  the  detail 
specification.  In  each  case  the  leakar,  '  measurement  shall  consist  of 
the  last  3  minutes  of  the  ^-minute  period.  The  rate  of  leakage  shall 
not  exceed  that  specified  In  the  detail  specification  for  the  Prepro¬ 
duction  test.  Low  rate,  not  readily  measureable  seepage,  shall  not  be 
considered  as  leakage. 

4. 3. 2. 4  Pressure  Drop  -  Pressure-drop  characteristics  of  the 
package  for  a  flow  range  of  0  to  130  percent  of  rated  flow  as  prescribed 
In  the  detail  specification  shall  be  determined  for  the  package.  A 
piezometer  or  manometer  across  the  package  may  be  used  for  accurate 
measurement  where  the  pressure -drop  range  is  low  enough  to  permit  Its 
use.  The  pressure  drop  observed  at  rated  flow  shall  not  exceed  the 
value  pennltted  by  the  applicable  detail  specification. 
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U.5.2.5  Extrema  Temperature  Package  Functioning  Testa 

4. ^.2. 5.1  Lav  Temperature  >  Ihe  package  shall  be  connected  to  a 
static  head  of  1  to  3  feet  of  the  test  fluid,  or  rated  vorking  pressure, 
whichever  is  the  more  critical  condition.  Ibis  arrangement  shell  be 
maintained  at  a  temperature  not  warmer  than  -65®F  for  3  hours  after 
the  temperatiore  has  stabilized  at  -65°F.  After  this  period,  the 
package  shall  be  operated  at  least  two  times.  Variation 

of  Intended  function  shall  not  exceed  that  permitted  by  the  detail 
specification.  Ibe  Acceptance  teats  prescribed  for  leakage  shall  be 
performed  after  each  operation,  and  the  requirements  of  the  detail 
specification  satisfied. 

4. 5. 2. 5. 2  Intermediate  Temperatures  -  Immediately  follorlng  the 
Low  tempewture  test  (4. 5. 2. 5.1),  the  test  arrangement  shall  be  warmed 
rapidly  to  a  temperature  to  a  temperature  of  450®P.  While  the  temperature 
is  being  raised,  the  package  shall  be  operated  its  function  at  maximum 
Increments  of  75°F  to  detennine  satisfactory  operation  throughout  the 
temperature  range.  These  check  tests  shall  be  made  without  waiting 

for  temperature  of  the  entire  package  to  stabilize. 

4. 5.2. 5. 3  High  Temperature  -  The  temperatujre  shall  be  main¬ 
tained  at  450®F  for  a  length  of  time  sufficient  to  allow  all  parts 
of  the  package  to  attain  the  temperature.  In  no  case  shall  the 
temperature  at  which  this  test  is  conducted  be  less  than  430°P.  The 
package  shall  then  be  operated  Its  function  at  least  two  times.  Vari¬ 
ation  of  Intended  function  from  room  temperature  function  shall  not 
exceed  that  permitted  by  the  detail  specification.  The  Acceptance 
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test  for  Loakaga  (4. 5. 2.3. 2. 2)  ahall  be  parfomed  after  each  operation, 
and  the  requiremsnta  of  the  detail  specification  satisfied. 

4. 3.2. 3.4  Acceptance  Teat  Package  Functioning  -  Ihe  package 
shall  be  operated  at  least  two  tines  at  room  temperat\ire 

as  described  In  the  detail  specification,  ihe  Acceptance  test  for 
leakage  (4. 3. 2. 3*2. 2)  shall  be  performed  after  each  operation,  and 
the  requirements  of  the  detail  specification  satisfied. 

4. 3.2.6  Endurance  >  The  package  shall  be  subjected  to  cyclic  oper¬ 
ation  and,  where  applicable,  other  fatigue  tests  such  as  hydraulic  impulse 
in  accordance  with  the  requirements  of  the  detail  specification,  which 
shall  Indicate  number  of  cycles,  schedule  of  cycling,  cycle  rate, 
stroke,  rate  of  flow,  loads,  temperature,  impulse  peaks,  etc.  The 
•  number  of  cycles  selected  shall  be  applicable  to  the  duty  cycle  over 
the  anticipated  life  of  the  particular  aircraft,  but  shall  be  not  less 
than  the  values  specified  in  table  II,  which  is  presented  as  a  general 
guide.  When  applicable,  leakage  shall  be  tested  at  23,  30,  and 
ICX)  percent  of  the  number  of  cycles  required.  The  general  endurance 
test  cycle  of  the  package  shall  be  governed  by  the  requirements  listed 
in  paragraph  (4. 5. 2.6.1).  At  the  conclusion  of  the  endurance  test,  the 
package  shall  operate  satisfactorily  and  shall  be  disassembled  and 
carefully  inspected.  There  shall  be  no  evidence  of  excessive  wear 
in  any  part  of  the  ccmponents  or  manifold. 
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TABLE  II 

SaduraDM  Tl»st 


Type  and  Usage  of  Package 

Cycles  of  Endurance  That 

Emergency 

5,000 

Infrequent  (less  than 

10  cycles  per  fli|^t) 

20,000 

Frequent  (more  than 

10  cycles  per  fli^t) 

50,000 

Fllc^t  control,  steering, 
antiskid,  etc. 

See  detail  specif lostlon 

I 


4. ^,2. 6,1  GezMral  Endurance  Tests  Cycle  -  Dm  endurance 
test  that  Is  specified  shall  he  cycled  over  the  foUcsring  teaperature 
spectrum, 

(a)  Bate  of  temperature  rise  or  decay  may  vary  within 
the  shaded  areas  shown  In  Figure  3, 

(b)  Six  and  one  half  hours  of  endurance  cycling  are  to  be 
run  In  one  day.  Ihe  package  shall  be  soaked  overnight 
at  the  low  temperature  required  to  start  the  following 
day  of  testing. 

(c)  The  first,  middle  and  last  repetitions  of  this  spectrum 
begin  with  fluid  temperature  of  -6^*F.  All  other  runs 
shall  begin  with  the  fluid  temperatuzm  at  aabient 

(70*  to  lOO'P). 

(d)  The  anbient  temperature  shall  be  maintained  between 
4^0  -  6^*F  during  the  tine  from  the  2nd  hour  throuc^ 
9>l/2  hours  of  the  spectrum  shown. 
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TIME  -  HOURS 
Figure  3 

Time  -  Temperatxare  Spectrum 
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5.  PREPARATION  FOR  DELIVERY 

5.1  Application  -  Ilie  requirements  of  Section  5  apply 
only  to  direct  purchases  by  or  direct  shipment  to  the  Government. 

5.2  Preservation  and  packaging  -  Unless  otherwise  specified, 
each  manifold  shall  be  protected  from  corrosion  and  packaged  In 
accordance  with  Specification  MIL-P-116,  Method  lA-8. 

5.2.1  All  cavities  of  the  manifold  shall  be  flushed  with 
corrosion-preventive  oil  conforming  to  Speciflcatl(xi  MIL-H-6083  and 
the  excess  oil  drained,  taking  care  that  enough  oil  remains  In  the 
cavities  to  completely  cover  all  surfaces.  All  ports  shall  be 
sealed  with  closures  conforming  to  Specification  MIL-C-5501,  or 
other  acceptable  seals. 
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5.2.2  Each  manifold  shall  be  cuahiCMied  with  cellulose 
wadding  ccmfomlng  to  Specification  FPP-C-8U3«  tyi»  III,  sealed  in  a 
bog  constructed  of  material  conforming  to  Specification  MIL-B-131  and 
overpackaged  In  a  snug-fitting  flberboard  container. 

5.3  Packing 

5.3.1  Immediate  use  shipment  -  Containers  shall  conform  to 
that  quality  standard  consnercially  utilized  by  the  industry. 

5.3.2  Domestic  shipment  -  Domestic  exterior  shipping  containers 
shall  conform  to  Specification  PPP-B-636,  or  PPP-B-6OI.  When  fiber- 
board  exterior  shipping  containers  are  used,  such  containers  chall  be 
fabricated  from  flberboard  having  a  Mullen  test  of  275  pounds  or  more. 

5.3.3  Overseas  shipment  -  Overseas  exterior  shipping  containers 
shall  conform  to  Specification  PPP-B-60I,  PPP-B-621,  or  JAH-P-IOS. 

When  plywood  is  used,  unless  otherwise  specified,  it  shall  conform 

to  Specification  NN-P-515,  type  II,  class  2. 

5.4  Marking  of  shipments  -  Interior  packages  and  exterior 
shipping  containers  shall  be  marked  In  accordance  with  Standard 
MIL-STD-I29.  The  identification  shall  be  composed  of  the  following 
information  listed  in  the  order  shown: 

Stock  No.  or  other  identification  number  as  specified 
in  the  purclmse  document.* 

MANIFOrj)S;  AIRCRAP;P,  MODULAR  HYDRAULIC 

Specification  MIL-H- 

Quantity 

Date  of  manufacture  or  date  of  preservation 
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Mantifaeturer  8  Part  No. 

Manufacturer  a  name  or  trade -n»rlc 

Name  of  contractor  (if  different  from  manufacturer) 

*N0TB:  The  contractor  shall  enter  the  Federal  Stock  No. 
specified  in  the  purchase  document  or  as  furnished  by  the 
procuring  activity.  When  the  Federal  Stock  No.  is  not 
provided  or  available  from  the  procuring  activity,  leave 
space  therefor  and  enter  the  Stock  No.  or  other  identi¬ 
fication  as  provided  by  the  procuring  activity. 

6.  NOTES 

6.1  Intended  Use  -  Manifolds  covered  by  this  specification  are 
Intended  for  use  in  aircraft  modular  hydravillc  systems,  confonmlng 
to  Specification  MIL-H-889I.  llie  package  or  manifold  should  not  be 
used  with  any  hydraulic  fluid  other  than  that  cwiforming  to  Specific 
cation  MIL-H-8446,  as  applicable,  unless  otherwise  specified  by  the 
procuring  activity. 

6.2  Definitions  -  For  the  purpose  of  this  specification,  the 
items  below  are  defined  as  follows: 

(a)  "Modvilar  Component”  -  a  standard  MS  modular  hydraulic 
flow  control,  pressure  Indicator,  fluid  cleaning, 
relief  or  control  valve. 

(b)  "Manifold”  -  a  housing  which  contains  and  interconnects 
two  or  more  MS  modules. 

(c)  "Package"  -  a  complete  assembly  consisting  of  one  or 
more  manifolds  with  MS  modular  components  and  seals 
Installed  in  the  manifold  (s). 
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6.3  Qualification  -  With  respect  to  products  requiring 
qualification,  awards  will  be  made  only  for  such  products  as  have, 
prior  to  the  time  set  for  opening  of  bids,  been  tested  and  approved 
for  Inclusion  In  the  applicable  Oxiallfled  Products  List  whether  or 
not  such  i^oducts  have  actually  been  so  listed  by  that  date.  Ihe 
attention  of  the  suppliers  Is  called  to  this  requirement,  and  the 
manufacturers  are  urged  to  arrange  to  have  the  products  that  they 
propose  to  offer  to  tlm  Federal  Government,  tested  for  qualifi¬ 
cation,  In  order  that  they  may  be  eligible  to  be  awarded  ccmtracts 
or  orders  for  the  products  covered  by  this  specification.  The 
activity  responsible  for  the  Qvtallfled  Products  List  Is  the  Bureau 
of  Naval  Weapons,  Navy  Department,  Washington  25,  D.  C.}  however, 
infomatlon  pertaining  to  qualification  of  products  may  be  obtained 
from  the  Commanding  Officer,  U.S.  Naval  Air  Material  Center,  Naval 
Base,  Philadelphia  12,  Pennsylvania.  ' 


NOTICE;  When  Government  drawings,  specifications,  or  other  data  are 
used  for  any  purpose  other  than  in  connection  with  a 
definitely  related  Government  procurement  operation,  the 
United  States  Government  thereby  incurs  no  responsibility 
nor  any  obligation  whatsoever;  and  the  fact  that  the 
Government  may  have  formulated,  furnished,  or  any  way 
supplied  the  said  drawings,  specifications,  or  other  data 
is  not  to  be  regarded  by  Implication  or  otherwise  as  In 
any  manner  licensing  the  holder  or  any  other  person  or 
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corporation,  or  conveying  any  rights  or  permission  to 
manufacture,  use,  or  sell  any  patented  Invention  that 
may  In  any  way  be  related  thereto. 

Custodians : 

Navy  -  Bureau  of  Naval  Weapons 
Air  Force 

Preparing  Activity: 

Navy  -  Bureau  of  Naval  Weapons 
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APPENDIX  III-2 

TEST  PROCEDURES  FOR  MODULAR  HIIXUULIC  PACKAGES 

AER-AVD-53720-I81,  Package  #1 
AER-AVO-5372O-I82,  Package  #2 
AER-AVO-53720-183,  Package  ^ 
AER-AVO-53720-184,  Package  #5 


TEST  PROCEDURE 
FOR 

PACKACSB,  MODULAR  HyURAULIC  #1 
3  .MODUI£  CONTROL 
CVS-54175-1 


1 


#1  PACKAGE 
TEST  PROCEIWBE 


1.  SCOPE 

1.1  Seope  -  Tbe  teB't  <^proceduire^  covers  the  testing  requirements  for  the 
modular  hydraulic  package.  OMs  package  consists  of  the  r'V«;-*f5Hl7'5-l  Manifold 
and  three  modular  valves. 

1.2  Classification  -  The  package  Is  classified  as  a  Class  A  package^ 
Indicating  a  flow  range  from  0  to  4  GFM. 


2.  APPLICABLE  DRAWINC3S  -  The  following  drawings  of  the  Issue  In  effect  on  date 
of  this  iqat  •pVocdilure  i“ormia  part  of  the,  test,  procedure » 

2.1  Drawings  • 

CVS-54175  CVP-33'+5 

CVP-33'^4  CVP-3355 


3.  TEST  PROVISIONS 

3.1  'Test  Fluid  -  The  test  fluid  shall  be  MLO-8200 

3.2  Test  Fluid  Temperature  -  Tolerance  on  fluid  temperatures  specified 

herein  she^'  V>e  The  manifold  outlet  fluid  temperature  shall  be  specified, 

and  the  roanlf old~'lnlet  fluid  temperature  may  be  decreased  a  maximum  of  2^*F  to 
compensate  for  heat  generation.  The  fluid  t«nperatures  shall  be  measured  as 
near  as  practicable  to  the  outlet  ports. 

3.3  Filtration  -  The  test  fluid  shall  be  continuously  filtered  through  a 
filter  capable  of  removing  all  particles  In  excess  of  2^  microns  (p^mlcrons 
absolute),  auid  shall  remove  9^  all  particles  larger  than  10  microns.  The 
filter  and  element  used  shall  be  satisfactory  for  the  temperature  range  encount¬ 
ered,  euad  cleaned  or  changed  regularly  to  prevent  clogging.  (Element  shall  conform 
to  MIL-F-861^  testing  procedures.) 

3.4  Contamination  -  No  contaminating  agents  shall  be  purposely  added  to  the 
test  fluid. 

3.^  Test  Package  -  The  test  package  shall  be  partly  or  fully  assembled,  as 
dictated  by  the  applicable  paragraph,  with  provisions  In  the  test  set-up  to  cause 
each  module  to  operate  throughout  Its  full  cycle.  All  modules  shall  be  checked 
for  proper  installation  torque  and  safety  wiring.  The  test  package  shall  be  set 
up  per  Figure  1  or  Figure  2,  as  applicable. 


4.  TEST  PROCEDURE 

4.1  Module  Function  and  Leakage  Tests 

4.1.1  Set  up  test  apparatus  per  Figure  1,  leaving  the  external  port  to  the 
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CVP-3355  eelector  valve  open  to  atmonphcre.  with  CVP-33I?I?  selector  valve  de- 
enargited,  pressure  selected  to  line  „1  and  test  fluid  at  apply  hydraulic 

pressure  by  hecid  pump  until  pressure  gage  Ql  reads  4,000  pel  +20  psi.  At  this 
pressure  there  shall  be  no  appreciable  leakage  at  the  manual  selector  veni  line 
or  at  the  CVP-3355  selector  valve  Inlet  port.  Reduce  pressure  to  zero.  Re¬ 
position  the  manvial  selector  valve  to  apply  hydraulic  pressure  to  line  f|f2  and 
apply  sufflclnt  hydraulic  pressure  (approximately  2  to  6  psl)  by  hand  pump  to 
cause  the  CVP-3345”!  check  valve  poppet  to  unseat  (evident  by  flow  through  vent 
to  a  container)  Repeat  this  cycle  24  times. 

4.1.2  With  test  set-up  same  as  In  paragraph  4.1.1  and  test  fluid  at 
room  temperature,  select  hydraulic  pressure  to  line  and  maintain  5  pei  hy¬ 
draulic  pressure  for  five  minutes.  "Bie  leakage  rate  past  the > check  valve 
during  the  last  three  minutes  shall  not  exceed  3  drops  per  minute.  Increase 
hydraulic  pressure  to  4,000  psl  and  maintain  this  pressure  for  five  minutes. 

The  leakage  rate  past  the  check  valve  during  the  last  three  minutes  shall  not 
exceed  1  drop  per  minute. 

4.1.3  Repeat  paragraph  4.1.1  with  test  fluid  at  room  temperature. 

4.1.4  Repeat  paragraph  4.1.1  with  test  fluid  at  -20*F. 

4.1.^  Set  up  test  apparatus  as  shown  In  Figure  2  and  select  hydraulic 
pressure  to  line  and  by-pass  the  cylinder  assembly.  Make  limit  switches  In¬ 
operative,  and  energize  CVP-3355  selector  valve.  With  test  fluid  at  -20*P,  and 
system  bled  of  air,  apply  hydraulic  pressure  until  flow-meter  Indicates  a  6  gpm 
flow.  At  this  flow  rate,  the  differential  pressure  between  gages  Gi  and  O2 
should  be  approximately  2,100  psl.  Record  the  actual  differential  pressure. 

De -energize  CVP-3355  selector  valve  and  select  hydraulic  pressure  to  line  '^2. 
Apply  hydraulic  pressure  until  flow  meter  Indicates  a  12  gpm  flow.  At  this 
flow,  rate,  the  differential  pressure  between  Gg  and  G3  should  be  approximately 
2,150  psl.  Record  the  actual  differential  pressure.  Repeat  paragraph  4.1.5 
cycle  24  times.  There  shall  be  no  appreciable  lealuige  externally  around  modules. 

4.1.6  Repeat  paragraph  4.1.5  with  test  fluid  at  room  temperature. 

4.1.7  Rei)eat  paragraph  4.1.5  with  test  fluid  at  +450*F. 

4.1.8  Alter  test  set-up  of  Figure  2  by  leaving  the  external  port  to 
the  CVP-3355  selector  valve  open  to  atmosphere.  Select  hydraulic  pressure  to  1 
line  close  shut-off  valve  jfl,  ami  de-energiae  CVP-3355  Selector  Valve.  With 
test  fluid  at  room  temperature  apply  400  psi  hydraulic  pressure  and  maintain  this 
pressure  for  three  minutes .  The  leakatie  rate  past  the  selector  valve  port  shall 
not  exceed  40  drops  per  minute. 

4.1.9  Alter  test  set-up  of  Figure  2  by  dosing  shut-off  valve  ^  and 
removing  the  CVP-3345  Check  Valve,  leaving  the  chock  valve  cavity  open  to 
atmosphere.  With  the  CVP-3355  Selector  Valve  energized  and  test  fluid  at  room 
temperature,  select  hydraulic  pressure  to  line  //I.  Apply  4,000  psi  hydraulic 
pressure  and  maintain  this  pressure  for  three  minutes.  The  leakage  rate  at 
the  check  valve  cavity  shall  not  exceed  80  drops  per  minute. 
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4.2  Proof  PreBBure  Teste 

4.2.1  With  teat  apparatus  aat  up  as  shown  in  Figure  2  (all  modules 
installed) ,  close  shut-off  valves  #1  and  ^  and  energize  CVP-3355  Selector 
Ve^.ve.  With  test  fluid  at  room  temperature  and  pressure  selected  to  line  #1| 
apply  hydraulic  pressure  at  a  rate  not  exceeding  23>000  psi  per  minute  until 
pressure  gage  Qq  reads  '6,000  psi  +20  psi.  Maintain  this  pressure  for  two 
minutes.  There,  shall  he  no  evidence  of  excessive  leakage,  pezniajient  set,  or 
other  damage  to  the  package. 

4.2.2  Replace  the  CVP-3355  Selector  Ved.ve  with  the  selector  valve 
test  cap.  Maintain  shut-off  valves  closed  and  pressure  selected  to  line  #1. 

Apply  hydraulic  pressure  until  pressure  gage  Gg  and  O3  read  6,000  psi  +M  psi. 

Maintain  this  pressxire  for  two' minutes.  There  shall  he  no  evidence  of  excessive 
leakage,  permanent  set,  or  other  damage  to  the  package. 

4.3  Cycling  Tests 

4.3.1  Set  up  test  apparatus  as  shown  in  Figure  2  with  limit  switches 
set  to  permit  the  maximum  permissahle  piston  travel  in  extension  euid  retraction 
without  permitting  piston  bottoming  in  either  extreme  position.  Limit  switches 
shall  simultaneously  opera'te  the  CVP-3355  selector  valve  in  the  No.  1  package 
and  the  four  way-two  position  solenoid  operated  selector  valve  in  the  test  set 
up.  Wire  these  selector  valves  so  that  vben  line  #1  is  pressurized  the  CVP-3355 
selector  .valve  shall  he  energized.  With  test  fluid  at  room  temperature  and  the 
manual  four  way-two  position  selector  valve  positioned  to  operate  the  hydraulic 
cylinder,  supply  4,000  psi  +20  psi  hydraulic  pressure  at  a  flow  rate  of  approxi¬ 
mately  4  gpm.  Operate  at  this  pressure  and  flow  rate  for  a  minimum  of  100  cycles. 

At  the  completion  of  at  least  100  cycles,  maintain  pressure  and  increase  the 

flow  rate  to  6  gpm.  Operate  at  this  pressure  and  flow  for  a  minimum  of  100  cycles, 
■niere  shall  he  no  evidence  of  excessive  leakage  or  module  mail- functioning. 

4.3.2  Repeat  paragraph  4.3.1  with  test  fluid  at  +450*F. 

4.4  Pressure  Drop  Tests 

4.4.1  Al'ter  test  set-up  of  Figure  2  hy  setting  memual  selector  to  cause 
cylinder  to  be  by-passed .  Select  hydraulic  pressure  to  line  //2  and  de-energize 
CVP-3355  selector  valves,  with  test  fluid  at  room  temperature  apply  hydraulic 
pressure  to  obtain  1,2,3  and  4  gpm  flow  at  the  flowmeter.  Record  pressure  readings 
at  Og  and  0^  these  flow  vadues. 

4.4.2  Select  hydraulic  pressure  to  line  ,J'l  euid  energize  CVP-3355  Selector 
Valve.  With  test  fluid  at  room  temperature  apply  hydraulic  pressure  to  oh'tain  1,2,3 
and  4  gpm  flow  at  the  flowmeter.  Record  pressure  readings  at  and  G2  foi*  these 
flow  values. 

4.4.3  Alter  test  set-up  of  Figure  2  hy  removing  the  three  modular  valveS) 
repleusing  thmn  with  the  respective  'test  plugs.  With  shut-off  valve  #1  closed  auvd  shut¬ 
off  valve  ^2  opened  maintain  hydraulic  pressure  to  line  ^1.  Wi'th  test  fluid  at 

room  temperature  apply  hydraulic  pressure  to  obtain  1,2,3  and  4  gpm  flow  at  the 


flowmeter.  Record  pressure  readings  at  0i  and  CI2  values. 

4.4.4  Alter  test  set-up  of  pazugnph  4.4.3  capping  the  return  port 
of  the  4w-2F  Selector  Valve  and  opening  shut-off  valve  #1.  With  test  fluid  at 
room  temperature 4  select  hydratillc  pressure  to  line  #2  and  apply  hydraulic 
pressure  to  obtain  1>2,3  and  4  gpm  flow  at  the  flowmeter.  Record  pressure 
readings  at  GI2  ^3  these  flow  values. 
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TEST  PROCEDURE 
FOR 

PACKAGE,  MODULAR  HYDRAULIC  #2 
ACWATOR  WITH  MODULAR 
END  CAP  Mi\NIFOLD 


I 

I 


CV.B239I 

(SUPCRBCOU  CV  M-ltS) 


1.  SCOPE. - 


1.1  Scope.-  !ihe  Tftflt  proceditfe  covere  the  testing  requirements  for  VIob  fS.  modular 
hydraulic  package.  Ihls  package  consists  of  the  CVS-5^^^2-1  Cycllnder  Assembly  and 
three  modular  valves;  the  Class  A  shuttle,  one-way  restrictor,  and  pressure  relief 
valves. 


1.2  Glassification. -  ^Ihe  #2  package  Is  classified  as  a  Class  A  package.  Indicating 
a  flow  range  from  0  to  4  OFM. 

2.  APHilCABLE  DRAWINGS.-  Uie  following  drawings  of  the  Issue  in  effect  on  date  of  this 
tesfprocedube  ’fdfm  a  part  of  the  test  procedure  t 

2.1  Drawing .  - 

CVS-5**5**2  CVP-3344 

CVS -54358  CVP-3346 

CVS -54543  cvp-3350 

CVS-54544 

CVS-54545 

CVS-54620 

3.  TOST  PROVISIONS.- 
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3.1  Test  Fluid.-"  Ihe  test  fluid  shall  be  MtjO-8200. 

3.2  Test  Fluid  Temperature.-  Tolerance  on  fluid  temperatures  specified  herein  shall 

be  +  5°F.  Ihe  actuator  outlet  fluid  temperature  shall  be  specified,  and  the  actuator  Inlet 
fluid  temperature  nay  be  decreased  a  maximum  of  25*^  to  compensate  for  heat  generation. 

Ihe  fluid  temperatures  shall  be  measured  as  near  as  practicable  to  the  outlet  ports. 


3.3  Filtration.-  Ihe  test  fluid  shall  be  continuously  filtered  throue^  a  filter 
capable  of  removing  all  particles  in  excess  of  2^  microns  (25  microns  absolute), 
and  shall  remove  9^  of  all  particles  larger  than  10  microns.  Ihe  filter  and  element 
used  shall  be  satisfactory  for  the  temperature  reuige  encountered,  and  cleaned  or 
changed  regularly  to  prevent  clogging.  (Element  shall  conform  to  MIL-F-8815  testing 
procedures.) 


3.4  Contamination.  -  No  contaminating  agents  shall  be  purposely  added  to  the  test 
fluid. 


3 


3.5  Test  fttckage.-  Ihe  test  package  sbnll  be  jmrtly  or  fully  assembled,  as 
dlctat^  by  the  applicable  paragraph,  with  provisions  In  the  test  set-up  to  cause  each 
module  to  operate  throu^out  Its  full  cycle.  All  modules  shall  be  checked  for  proper 
Installation  and  safety  wiring.  Ihe  test  package  shall  be  set  up  per  the  applicable 
figure  for  each  test  phase. 
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TOST  PROCBDURE.-  | 

4.1  Module  Function  and  Leakage  Tests,- 

4.1.1  Set  up  test  apparatus  as  shown  In  Figure  1,  with  CVS-3?067-l  and  -2  plugs 
In  place  of  the  Piston  and  Rod  Assembly  and  the  Class  A  Restrlotori  respectively. 

With  test  fluid  at  room  temperature,  pressure  line  selected  to  "alternate  inlet," 
ports  and  C2  open  to  atmosj^ere  apply  4,000  psl  hydraulic  pressuz^.  Maintain  this 
pressure  for  five  minutes,  Leakfcge  at  port  shall  be  negligible  during  this  five 
minutes,  leakage  at  port  Co  shall  not  exceed  90  drops  per  minute  for  the  third  minute, 

Ihere  shall  be  no  appreciable  leakage  externally  around  modules, 

4.1.2  Alter  test. set-up  be  selecting  pressure  line  to  port  Cn,  With  test  fluid 
I  at  room  temperature,  port  C2  and  "alternate  Inlet"  port  open  to  atmosphere,  apply 

I  4,000  psl  hydraulic  pressure.  Maintain  this  pressure  for  five  minutes,  Leedcage 
at  "altez^te  Inlet"  port  shall  be  negligible. 


I  4,1,3  Repeat  paragraphs  4,1.1  and  4.1.2,  In  that  order,  an  additional  24  cyclen. 

14,1.4  Connect  all  lines  to  ports.  Select  pressure  line  to  port  C2  and  return 
line  to  port  Cj^,  leaving  "alternate  Inlet"  port  to  vent.  Shuttle  in  shuttle  valve  must 
be  blocking  the  "altezmte  Inlet"  port.  With  test  fluid  at  room  tonperature  provide  hydrau¬ 
lic  pressure  to  port  C2  until  flowmeter  Indicates  a  flow  of  4  gpm.  At  this  flow  the 

(differential  pressun  between  gages  On  and  0^  shall  be  approximately  4,900  psl,  and  0^ 
shall  read  approximately  200  psl.  Reduce  pressure  to  zero  and  repeat  cycle  24  times. 

14.1.^  Repeat  paragraphs  4.1.1  through  4,1,4  with  test  fluid  at  +490*¥,  with  test 
fluid  at  -20°F. 


4.1.6  Replace  the  CVS-^^087-2  plug  with  a  Class  A  restrictor,  CVF-3344-2,  With 
test  fluid  at  -20^  maintain  pressure  line  to  port  (h  and  return  line  to  port  C^. 

Apply  hydraulic  pressure  in  1  gpm  Increments  until  flowmeter  reads  4  gpm.  At  this  flow 
the  differential  pressure  between  gages  G2  and  shall  be  approximately  2,0^0  psl. 
Indicating  the  restrictor  Is  passing  flow  at  the  proper  pressure  level.  Record 
pressures  at  Q2  and  0^  for  flows  of  1,  2,  3  and  4  gpm. 

4.1.7  Alter  test  set-up^by  selecting  pressure  line  to  port  Cj^  and  return  to  port 
C21  With  test  fluid  at  -20^  apply  hydraulic  pressure  In  1  gpm  Increments  until 
flowmeter  reads  4  gpm.  At  this  flow  the  differential  pressure  between  gages  and 
O2  shall  be  at  a  minimum  value.  Record  pressures  at  G^  and  G2  for  flows  of  1,  2,  3 
and  4  gpm. 

4.1.8  Repeat  paragraphs  4.1.6  end  4.1.7,  in  that  order,  an  additional  24  cycles. 

4.1.9  Repeat  paragraphs  4.1.6  throu^  4.1.8  with  test  fluid  at  room  temperature, 
with  test  fluid  at  ■t450‘^. 


i 


4,2  Pressure  Drop  Tests.-  In  addition  to  the  pressure  drop  testing  of  peu-agraphs 
4,1,6  and  4.1.7  perform  the  following  tests,  with  fluid  at  room  temperature  throughout. 
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U.2.1  Replace  the  Class  A  restrictor  with  the  CVS-55087-2  plug.  Select  pressure 
line  to  port  Cg  and  return  line  to  port  .  Apply  hydxvulie  psressure  to  obtain  1,  2, 
3  and  4  gpm  £lw  at  the  flowmeter.  Record  pressure  readings  at  gages  CI2  and  Qi  for 
these  flow  values. 

4.2.2  Alter  the  test  set-up  by  replacing  the  CVP-3350-1  Pressure  Relief  Valve 
with  the  Class  A  relief  valve  test  cap.  Maintain  pressure  line  to  port  Cg  and 
return  line  to  port  Cj^.  Apply  hydraulic  pre8sur*e  to  obtain  1,  2,  3  and  4  gpm  flow 
at  the  flowmeter.  Record  pressure  readings  at  gages  G2  and  01  for  these  flow 
values. 


4.2.3  Alter  the  test  set-up  by  replacing  the  Claes  A  relief  valve  test  cap  with 
the  CVP-3350-1  Pressiure  Relief  Valve.  Also  replace  the  CVS -55087-2  plug  with  the 
Class  A  restrictor  test  cap.  Maintain  pressure  line  to  port  C2  and  return  line  to 
port  C- .  Apply  hydraulic  pressure  to  obtain  1,  2,  3  and  4  gpm  flow  at  the  flowmeter. 
Record^pressure  readings  at  gages  Gg  and  Gj^  for  these  flow  values. 

4.2.4  Alter  test  set-up  by  selecting  pressure  line  to  port  and  return  line 

to  port  C2.  Apply  hydraulic  pressure  to  obtain  1,  2,  3  end  4  gpm  flow  at  the  flowmeter. 
Record  pressure  readings  at  gages  Gi  and  G2  for  these  flow  values. 

4.2.5  Alter  test  set-up  by  selecting  pressure  line  to  "alternate  inlet"  port, 
maintaining  return  line  at  port  C2.  Apply  sufficient  hydraulic  pressure  to  bottom  tlie 
shuttle  In  the  CVP-3346-1  Shuttle  Valve  against  the  port  to  prevent  leakage  to 
vent  line.  Reduce  pressure  to  zero.  Apply  hydraulic  pressure  to  obtain  1,  2,  3 

€md  4  gpm  flow  at  the  flowmeter.  Record  pressure  readings  at  gages  O3  and  G2  for 
these  flow  values. 

4.3  Proof  Pressiire  Tests. - 

4.3.1  Set  up  test  apparatus  as  shown  In  Figure  2,  with  all  modules  Installed 
and  the  Piston  and  Rod  Assembly  installed  in  the  CVS-54542-1  Actuator  Assembly 
in  place  of  the  CVS-55087-1  Plug.  Leave  limit  switches  In-operatlve.  With  test 
fluid  at  room  temperature,  select  pressure  line  to  port  and  return  line  to  port 
C2.  Place  actuator  in  extended  position.  Apply  hydraulic  pressure  at  a  rate  not 
exceeding  25,000  psi  per  minutp  un:}iil  pressure  gage  reads  6,000  psi  +  20  psi. 

Maintain  this  pressure  for  a  minimum  of  two  minutes.  There  shall  be  no"”evidence  of 
excessive  leakage,  permanent  set,  or  other  damage  to  the  package. 

4.3.2  Alter  test  set-up  by  selecting  pressure  line  to  port  C2  and  return  line  to 
port  C]^.  Slowly  apply  hydraulic  pressure  so  as  not  to  cause  hard  bottoming  of  the 
piston  and  increase  pressure  until  pressure  gage  G2  reads  6,000  psi  +  20  psi. 

Maintain  this  pressure  for  a  minimum  of  two  minutes.  There  shall  be*"no  evidence  of 
excessive  leakgee,  permanent  set,  or  other  damage  to  the  package. 

4.3.3  Alter  test  set-up  by  selecting  pressure  line  to  the  "alternate  inlet" 
port  and  return  line  to  port  02*  Flace  actiiator  in  extended  position.  Apply 
hydraulic  pressure  at  a  rate  not  exceeding  25,000  psi  per  minute  until  pressure  gage 
^  reads  6,000  psi  +  20  psi.  Maintain  this  pressure  for  a  minimum  of  two  minutes. 

There  shall  be  no  evidence  of  excessive  le  ikge,  penivinent  set,  or  oth'-r  damage  to  the 
package. 
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Cycling  Tests. - 

4.4.1  Set  up  test  apparatus  as  shovm  in  Figure  2,  with  limit  switches  set  to  per¬ 
mit  the  maximum  permissible  piston  travel  in  extension  and  retraction  without  per¬ 
mitting  piston  bottoming.  Limit  switches  shall  operate  the  solenoid-operated 
selector  valve.  Utilize  suitable  actuator  loading  devices  to  control  the  rate  of 
cycling.  With  test  fluid  at  room  temperature  and  the  "alternate  inlet"  port  vented 

to  alanosphere  supply  4,000  psi  +  20  psi  hydraulic  pressure.  Regulate  loading >  devices 
to  permit  approximately  24  cycles  per  minute.  Operate  at  this  pressure  and  rate  for 
a  minimum  of  five  minutes.  Ihere  shall  be  no  evidence  of  excessive  leal^  or  module 
mal-f\mctlonlng. 

4.4.2  Regulate  loading  devices  to  permit  a  flow  rate  of  4  gpm  at  4,000  psi 
pressure.  With  test  fluid  at  room  temperature  apjt>ly  Hydraulic  pressure  and  cyfcle 
actuator  for  a  minimum  of  two  minutes.  At  two  minutes  lapsed  time  maintain  pressure- 
and  Increase  flow  rate  to  8  gpm,  cycling  actuator  for  a  minimum  of  one  minute.  There 
shall  be  no  evidence  of  excessive  leakage  or  module  mal-functioning. 

4.4.3  Select  port  open  to  atmosphere.  Apply  sufficient  hydraulic  pressure 
to  bottom  the  shuttle  In  the  CVP-3346-1  Shuttle  Valve  against  the  Ci  port  to  prevent 
leakage  to  vent  line.  Repeat  paragraph  4.4.2. 

4.4.4  With  test  fluid  at  room  tempera ture> , maintain  port  Ci  vented  to  atmosphere 
and  supply  4,000  psi  +  20  psi  hydraulic  pressure.  ‘Regulate  loading  devices  to  permit 
approximately  24  cycles  per  minute.  Operate  at  this  pressure  euid  rate  for  a  minimum 
of  five  minutes.  There  shall  be  no  evidence  of  excessive  leak^cge  or  module  mal¬ 
functioning. 

4.4.5  Repeat  paragraphs  4.4.1  through  4.4.4  with  test  fluid  at  -*450°?. 
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1.  SCOPE.- 


1.1  Scopo.-  The  test  procedure  covers  the  testing  requirements  for  the  NO.  4 
modular  hydraulic  package.  This  package  consists  of  the  CVS -^4926-1  Manifold  Assem¬ 
bly  and  five  modular  valves. 

1.2  Classification. -  Ihe  No.  4  package  Is  classified  as  a  Class  A  package^ 
Indicating  a  flow  range  from  0  to  4  QIM. 

2.  ^HilCABLE  UtAWINQS.-  Ihe  following  drawings  of  the  issue  In  effect  on  date 
of  tkls  test  procedure form  a  part  of  the  test  procedure: 


2.1  Dravings.- 

CVS-54926  CVP-3351 

CVP-3348  CVP-3352 

CVP-3349  CVP-3354 


3.  TEST  HtOVISIOHS.- 

3.1  Tost  Fluid.-  The  test  fluid  shall  be  MLO-8200. 

r 


3*2  Test  Flu^  Temperature.-  Tolerance  on  fluid  temperatures  specified  herein 
shall  be  +  ibe  outlet  fluid  temperature  shall  be  specified,  and  the  inlet  fluid 

temperature  may  be  decreased  a  maximum  of  2^^  to  cosqpensate  for  heat  generation. 

The  fluid  teioperatures  shall  be  sieasuved  as  near  ais  practicable  to  the  outlet 
ports. 


3.3  FI  Iteration.-  The  test  fluid  shall  be  continuously  filtered  through  a 
filter  capable  of  removing  all  particles  in  excess  of  2$  microns  (2$  microns 
absolute),  and  shall  remove  90jt  of  all  particles  larger  than  10  microns.  The  filter 
and  element  used  shall  be  satisfactory  for  the  temperature  range  encountered, 
cleaned  or  changed  regularly  to  prevent  clogging.  (Element  shall  conform  to 
MlL-P-8813  testing  procedures.) 

3.4  Contamination.-  No  conteunlnating  agents  shall  be  purposely  added  to  the 
test  fluidii 

3.^  Test  Rickage.-  The  test  package  shall  be  partly  or  fully  Msembled,  m 
dictated  by  the  applTcable  paragraph,  with  provisions  in  the  test  set-up  to  cause 
each  module  to  operate  throughout  its  full  cycle.  All  modules  shall  be  checked  for 
proper  installation  torque  and  safety  wiring.  The  test  package  shall  be  set  up 
per  the  applicable  figure  for  each  test  phase. 
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4.  BBT  raOCEDURE«» 


4.1  Module  Function  and  Leakage  Tosts.- 

4.1.1  Set  up  test  apparatus  ae  shown  in  Figure  1,  with  the  limit  switch  and 
three-position  switch  arranged  as  shown.  Energize  solenoid  #1  of  CVP-3352 
selector  valve  and  energize  CVP-3354  sequence  valve.  With  actuators  #1  and  ^  . 
in  retracted  position  and  test  fluid  at  room  tenqperature,  apply  hydraulic  pressure 
until  reads  1,00&  psi  ^  20  psi.  Maintain  this  pressure  for  a  minimum  of  15 
seconds.  There  shall  be  no  movement  of  actuators  #1  or  #2  and  there  shall  be  no 
flow  observed  in  the  flowmeter.  There  shall  be  no  appreciable  leakage  around  modular. 

4.1.2  With  test  set-up  same  as  in  paragraph  4.1.1  de-energize  CVP-33^4  sequence 
valve  and  Increase  hydraulic  pressure  until  actuator  #1  starts  extension.  At  bhis 
pointy  pressure  ggge  shall  read  approximately  1^500  psi.  Maintain  hydraulic 
pressure.  Cylinder  #1  shall  extend  fully  and  operate  the  limit  switch.  Limit  switch 
actuation  shall  cause  CVP-3354  sequence  valve  to  become  energized^  permitting 
cylinder  #2  to  fully  extend.  Flow  will  be  observed  in  flowmeter  during  cylinder  #1 
and  #2  extenslony  at  fully  extended  cylinders  condition  the  flow  shall  drop  to  zero. 


4.1.3  With  no  change  to  test  set-up,  increase  hydraulic  pressure  until  the 
CVP-3348  thermal  relief  valve  relieves,  causing  the  flowmeter  to  register  a  flow 
again.  Pressure  gage  0i  shall  read  approximately  4,7000  psi  when  this  flow  begins. 
Decrease  hydraulic  pressure  until  tto  flowmeter  indicates  no  flow.  At  this  point 
pressure  gage  shall  read  between  820  psi  and  1,600  psi.  There  shall  be  no 
external  leakage  around  modules. 

4.1.4  With  both  cylinder  fully  extended,  de-energize  solenoids  #1  and  #2. 

This  shuts  off  all  ports  of  CVP-3352  selector  valve.  Apply  4,000  psi  ^  20  psi  at 
pressure  gage  and  hold  this  pressure  for  15  seconds.  There  shall  be  no  movement 
of  the  actuators  and  no  flow  indicated  in  the  flowmeter. 


4.1.5  With  test  fluid  at  room  tmnperature apply  hydraulic  pressure  until 
pressxure  gage  reads  2,000  psi  20  psi  and  energize  solenoid  ^  of  CVP-33^2 
selector  valve.  Cylinder  #2  shalT  fully  retract  and  cylinder  #1  shall  remain 
extended.  Increase  hydraulic  pressure  until  cylinder  #1  actuates  and  moves  to 
the  fully  retract  position.  At  time  cyclnder  #1  starts  actuation,  pressure  gage 
0^  shall  read  approximately  3t3O0  psi. 


4,1,6  With  both  cylinders  fully  retracted  de-energlte  solenoids  #1  and  f2, 
This  shuts  off  all  ports  of  CVP-3352  selector  valve.  Apply  4,000  pel  t  20  psi 
at  pressure  gage  ®1  and  hold  this  pressure  for  15  seconds.  There  shall  be  no  move¬ 
ment  of  the  actuators  and  no  flow  indicated  in  the  flowmeter. 


4.1.7  Repeat  jwiragraphs  4.1.1  thru  4.1.6  24  times. 

4.1.8  Repeat  paragraphs  4.1.1  thru  4.1.6  25  times  with  test  fluid  at  +450*F. 

4.1.9  Repeat  prirngraphs  4.1.1  thru  4.1.6  25  times  with  test  fluid  at  -20  F. 
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412.1  Alter  test  set-vq;>  of  figure' 1  by  rsisoeltm  eetuatore  j|L  enA  end 
plugging  the  four  open  ports  of  the  CVS-?4926  manifold.  With  test  fluid  at  room 
temperature,  energize  the  CVP-3354  Sequence  Valve,  the  #1  solenoid  of  CVP-3352 
Selector  Valve,  and  close  the  shut-off  valve  in  the  return  line.  Apply  hydraulic 
pressure  (hand  pump  optional)  at  a  rate  not  exceeding  2^,000  psl  per  minute  until 
pressure  gage  ^  reads  6,000  psl  4;  20  psi.  Maintain  this  pressiaxe  for  a  minimum  of 
two  minutes.  Tnere  shall  be  no  evidence  of  excessive  leatoge,  permanent  set,  or 
other  damage. to  the  leakage. 

4.2.2  With  test  set-up  same  as  in  paragraph  4.2.1,  keep  CVP-33^4  Sequence  Valve 
energized  and  energize  solenoid  ^  of. the  CVP-33^2  Selector  Valve.  Keep  shut-off 
valve  closed  and  with  test  fluid  (at  room  temperature  apply  hydraulic  pressure  at  a 
rate  not  exceeding  2^,000  psi  per  minute  until  pressure  gage  O2  reads  6,000  psi  *  20 
pal.  Maintain  this  pressure  for  a  minimum  of  two  minutes.  Ihere  shall  be  no 
evidence  of  excessive  leakage,  permanent  set,  or  other  damage  to  the  package. 

4.3  Pressure  Drop  Testa. - 

4,3.1  Set  up  test  apparatus  in  accordance  with  Figure  2  by  removing  plugs  at 
the  "lock”  and  "unlock"  ports  and  installing  Jumper  line  with  pressure  gage  0^ 
between  these  ports.  Maintain  plu^  at  the  "spread”  and  "fold”  ports,  energize  the 
CVP-3334  Sequence  Valve,  and  energize  solenoid  #1  of  the  CVP-33^2  Selector  Valve. 
With  teat  fluid  at  room  temperature  apply  hydraulic  pressure  to  obtain  1,  2,  3  and 
4  gpm  flow  at  the  flow  meter.  Record  pressure  readings  at  gages  01,  Q2 
these  flow  values. 
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4.3.2  Alter  test  set-up  by  energizing  solenoid  #2  of  the  CVP-33^2  Selector 
Valve  and  de-energlzlng  the  C^-33^4  Sequence  Valve.  With  test  fluid  at  room 
temperature  apply  hydraulic  pressure  to  obtain  1,  2,  3  and  4  gpm  flow  at  the  flowmeter. 
Record  pressure  readings  at  gages  Gi,  G2  and  G3  for  these  flow  values. 

4.3.3  Alter  the  test  set-up  be  replacing  the  CVP-3354  Sequence  Valve  with  the 
sequence  valve  test  cap.  Repeat  test  of  paragraph  4.3.2,  disregarding  sequence  valve 
instructions  in  that  paragraph. 

4.3.4  Alter  the  test  set-up  by  energizing  solenoid#!  of  the  CVP-3352  Selector 
Valve.  With  test  fluid  at  room  temperature  apply  hydraulic  pressure  to  obtain 

1,  2,  3  and  4  gpm  flow  at  the  flowmeter.  Record  pressure  readings  at  geiges  Oi, 

□2  abd  Q3  for  these  flow  values. 

4.3.5  Alter  test  set-up  of  Figure  2  by  installing  the  Jumper  line  and  piressure 
gage  O3  at  the  "spread”  and  "fold"  ports  and  by  plugging  the  "lock"  and  "unlock" 
ports.  Energize  the  #1  solenoid  of  the  CVP-3352  Selector  Valve  and  with  test 

fluid  at  room  temperature,  apply  hydraulic  pressure  to  obtain  1,  2,  3  and  4  gpm  flow 
at  the  flowmeter.  Record  pressure  readings  at  gages  Gi,  02  and  O3  for  these  flow 
values. 
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U.3.6  Alter  test  set-xzp  by  energizing  solenoid  #2  of  the  CVP-3332  Selector 
Valve.  With  test  fluid  at  room  temperature  apply  4,000  pel  +  20  psi  hydraulic 
pressure  to  assure  full  opening  of  the  Class  A  Priority  Val^.  With  this  pres¬ 
sure,  adjust  flow  to  obtain  1,  2,  3  end  4  gpm  flow  at  liie  flowmeter.  Record  pres¬ 
sure  readings  at  gages  0]^,  G2  and  for  these  flow  values. 

NOTE:  Shut-off  valve  In  return  line  may  be  utilized 

to  obtain  the  required  pressure  and  flow  settings. 

4.3.7  Alter  test  set-up  by  replacing  the  CVP-3349  Priority  Valve  with  the 
priority  valve  test  cap.  With  solenoid  ^  of  the  CVP-3352  Selector  Valve  energized 
axid  test  fluid  at  room  temperature,  apply  hydraulic  pressure  to  obtain  1,  2,  3  and 
4  gpm  flow  at  the  flowmeter.  Record  pressure  readings  at  gages  G2  and  G3  for 
these  flow  values. 

4.3.8  Alter  the  test  set-up  by  energizing  solenoid  #1  of  the  CVP-3352  Selector 
Valve.  With  teat  fluid  at  room  temperature  apply  hydraulic  pressure  to  obtain  1,  2, 

3  and  4  gpm  flow  at  the  flowmeter.  Record  pressure  readings  at  gages  G^,  G2  and 
for  these  flow  values. 

4.3.9  Alter  the  test  set-up  by  removing  Jumper  line  and  plug  the  "spread"  and 
"fold"  porta  and  d<s*»energi2lng:!  the  #1  euid  #2  solenoids  of  CVP-3352  Selector  Valve. 
With  fluid  at  room  temperature  apply  hydraulic  pressure  (will  be  necessary  to 
exoeed  4,700  psl  approximately). to  obtain  1,  2,  3  and  4  gpm  flow  at  the  flowmeter. 

Rt' :ord  pressure  readings  at  gages  and  G2  for  these  flow  values. 

4.3.10  Alter  the  test  set-up  be  replacing’ the  CVP-3348  Relief  Valve  with  the 
Class  A  relief  valve  test  cap.  With  test  fluid  at  room  temperature,  apply  hydraulic 
pressure  to  obtain  1,  2,  3  and  4  gpm  flow  at  the  flowmeter.  Record  pressure  readings 
at  gages  G^  and  G2  for  these  flow  values. 
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#5  PACKAGE 
TEST  PROCEDURE 


CVA  i^AVO.53720-0- 
5B4 


PAOK  _ or_  di2 


1.  SCOPE  - 


1.1  Scope  -  Hie  test  procedure  covers  the  testing  requirements  for  the  #5  modular 
hydraulic  package.  This  package  consists  of  the  CVS-54943-1  and  CVS-5**944-l  manifolds, 

'  two  filters,  three  modular  valves  and  four  automatic  shut-off  valves. 

1.2  Classification  -  Hie  package  is  classified  as  a  Class  C  package,  indicating 
a  flow  range  fron  0  to  23  GFM. 

2.  APPLICABLE  DRAWINGS  -  The  following  drawings  of  the  issue  in  effect  on  date  of  this 
test  procedure  form  a  part  of  the  test  procedure: 

2.1  Drawings  - 

CVS-5U943 
CVS- 54944 
CVS- 54945 
CVS- 54949 
CVS- 54950 

3.  TEST  PROVISIONS  - 

3.1  Test  Fluid  -  Hie  test  fluid  shall  be  ML0-82(X>. 

3.2  Test  Fluid  Temperature  -  Tolerance  on  fluid  temperatures  specified  herein  shall 
be  ±5*’F.  Hie  manifold  outlet  fluid  temperature  shall  be  specified,  and  the  manifold  inlet 
fluid  temperature  may  be  decreased  a  maxiiman  of  25*F  to  coinpenBate  for  heat  generation. 

The  fluid  temperatures  shall  be  measured  as  near  as  practicable  to  the  outlet  ports. 

3.3  Filtration  -  Hie  teat  fulld  shall  be  continuously  filtered  through  a  filter 
capable  of  removing  all  particles  In  excess  of  25  microns  (25  microns  absolute),  and 
shall  remove  9^^  of  &11  particles  larger  than  10  microns.  Hie  filter  and  element  used 
shall  be  satisfactory  for  the  temperature  range  encountered,  and  cleaned  or  changed 
regularly  to  prevent  clogging.  (Elonent  shall  conform  to  MIL-F-6815  testing  procedures.) 

3.4  Contamination  -  No  contaminating  agents  shall  be  purposely  added  to  the 
test  fluid. 

3.5  Test  Package  -  Hie  test  package  shall  be  partly  or  fully  assembled,  as 
dictated  by  the  applicable  paragraph,  with  provisions  in  the  test  set-up  to  cause 
each  module  to  operate  throufi^out  its  full  cycle.  All  modules ishall  be  checked  for 
proper  installation  and  safety  wiring.  Hie  test  package  shall  be  set  up  per  Figure  1 
for  all  tests. 

4.  Test  Procedure 


CVP-3347-1 

CVP-3350-2 

cvp-3353 

CVP-3356 


4.1  Pressure  Drop  Tests 


CVA  AiR-AV0»5^72O-O. 
PAPE — 3  or_  ®4_ 

U.l.l  Set  up  test  apparatus  per  Figure  1,  with  the  package  fully  assembled 
with  the  exception  of  all  autonaitlo  shut>off  details •  All  four  sets  of  shut-off  detail 
parts  (cVS-54^^-1,  -2,  -3,  -U  and  -5,  CV8-5‘t9*»9-l  vaA  CV8-5*^950-l)  shall  not  be  in¬ 
stalled  In  the  manifolds  until  tests  per  paragraph  4.1.8  are  to  begin.  Place  the 
CVP33^  Solenoid-Operated  Shut-Off  Valve  in  the  de-energized  position,  selector  #1  in 
the  blue  position,  selector  #2  in  the  red  position  and  the  aeuiual  shut-off  valve  in 
the  closed  position.  With  test  fluid  at  room  temperature  apply  hydraulic  pressure  to 
obtain  3,  10,  13,  20  and  23  gpm  flow  at  the  flowmeter.  Record  pressures  at  gages 
0^  and  Og  for  these  flow  values.  Ihere  shall  be  no  appreciable  leedcage  around  filters, 
modular  valves,  or  around  common  parting  plane  between  manifolds. 

4.1.2  Replace  the  CVP3333-3  Filter  Assembly  with  the  -3  filter  assonbly 
test  cap  and  repeat  pressure  drop  test  of  paragraph  4.1.1. 

4.1.3  Alter  test  set-up  by  placing  the  CVP-3336  Solenoid-Operated  Shut-Off 
Valve  in  the  energized  position  and  selector  #1  in  the  red  position.  Maintain  selector 
j(2  in  red  position  and  the  manual  shub-off  valve  in  the  closed  position.  With  test 
fluid  at  room  temperature  apply  hydraulic  pressure  to  obtain  3^  6,  9  and  12  gpm  flow 
at  the  flowmeter.  Record  pressures  at  gages  0^  and  0^  for  these  flow  rates,  niere 
shall  be  no  appreciable  lealcage  around  filters,  modular  valves,  or  around  common 
parting  plane  between  nanifold. 

4.1.4  Replace  the  CVP-3356  Solenoid-Operated  Shut-Off  Valve  with  the  Shut- 
Off  Valve  test  cap  and  repeat  pressure  drop  test  of  paragraph  4.1.3, 

4.1.5  Replace  the  CVP- 3353-2  Filter  Assembly  with  the  -2  Filter  Assembly 
test  cap  and  repeat  pressure  drop  test  of  paragraph  4,1.3. 

4.1.6.  Maintain  the  three  plugs  in  place  of  the  CVF3333  -2  and  -3  Filter 
Assemblies  euid  the  CVP-3356  Shut-Off  Valve.  Place  selector  #1  in  the  "all  ports 
closed  position"  and  the  manual  shut-off  valve  in  the  open  position.  With  test  fluid 
at  room  temperature  apply  hydraulic  pressure  to  obtain  3,  10,  I3,  20  and  23  gpm  flow 
at  the  flowmeter.  Record  pressures  at  gages  0^^  and  0?  for  these  flow  values.  Ihere 
shall  be  no  sppx*od&bXo  Airound  pXu^^^  uoouLclf  v&Xvgb^  ox*  ctiround  c^rason 

parting  pXane  between  manlfoXds. 

4.1.7  Replace  the  CVP-3350  Pressure  Relief  Valve  with  the  Relief  Valve 
test  cap  and  repeat  pressure  drop  test  of  paragraph  4.1.6. 

4.1.8  Set  up  test  apparatus  per  Figure  1,  with  all  test  plugs  removed  and 
all  modules  and  filters  re-installed.  Install  shut-off  components  in  both  manifolds. 

See  CAUTION  note  below.  Place  the  CVP-3356  Solenoid-Operated  Shut-Off  Valve  in  the 
de-energeized  position,  selector  #1  in  the  blue  position,  selector  #2  in  the  red . 
position  and  the  manual  shut-off  valve  in  the  closed  position.  With  test  fluid  at 
room  temperature  apply  hydraulic  pressure  to  obtain  5,  10,  15,  20  and  25  gpm  flow  at 
the  flowmeter.  Record  pressures  at  gages  and  Og  for  these  flow  values.  There 
shall  be  no  appreciable  leakage  around  filters,  modular  valves,  or  around  cannon  Dart¬ 
ing  plane  between  manifolds, 

CAUnON:  Before  installing  shut-off 

components  in  manifolds,  consult 
Modular  Hydraulics  Group  for  in¬ 
structions. 
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4tl,9  Alter  teat  aet-up  by  placing  the  CVP-3356  Solenoid-Operated  Shut-Off 
Valve  in  the  energized  poaitlon  and  selector  #1  in  the  red  position*  Maintain  selector  | 
#2  in  the  red  position  and  the  manual  shut-off  valve  in  the  closed  position.  With  ! 

teat  fluid  at  room  temperature  apply  hydraulic  pressure  to  obtain  3,  6,  9,  and  12  gpm  ’ 

flow  at  the  flowmeter.  Record  pressures  at  gages  0]^  suid  Gi,.  for  these  flow  values. 

Ihere  shall  be  no  appreciable  leakage  around  filters,  modular  valves,  or  around  common 
parting  plane  between  manifolds. 


Module  Fvinction  and  Leakage  Tests 


U.2.1  With  test  apparatus  set  up  as  shown  in  Figure  1  place  the  CVP3356 
Solenoid-Operated  Shut-Off  Valve  in  the  de-energized  position  and  selectors  #1  and  #2 
in  the  blue  position.  Maintain  the  manual  shut-off  valve  in  the  closed  position  and 
with  test  fluid  at  room  temperature  apply  4,000  psl  +  20  psl  meucimum  at  gage  Op.  Ac¬ 
tuator  will  operate  between  limit  switches  adjusted  so  as  to  prevent  actuator  bottom¬ 
ing  during  cycling.  Operate  actuator  a  minimum  of  100  cycles.  No  appreciable  leakage 
shall  be  permitted.  Employ  actuator  loading  device  to  regulate  actuator  to  approximately 
24  cycles  per  minute. 


4.2.2  Alter  test  set-up  by  placing  selector  #1  In  the  dotted  position  (all 
ports  closed)  and  with  test  fluid  at  room  temperature  apply  hydraulic  pressure  imtll 
the  CVP-3347  Pressure  Switch  operates  the  pressure  Indicator  light.  Pressure  gage  Gj;^ 
shall  Indicate  approximately  2,700  psl  when  tbe  Indicator  light  operates.  /(This  test 
assvimes  CVP-3347  Pressure  Switch  has  been  pre-set  to  operate  at  2,700  pel  t  200  psl 
prior  to  Installation  In  the  manifold.)  Reduce  pressure  to  approxinately  200  psl,  in¬ 
dicator  light  shall  be  out.  Repeat  this  cycle  24  times. 

4.2.3  Alter  test  set-up  by  placing  selector  #1  In  the  red  position  and  open¬ 
ing  manual  shut-off  valve.  Maintain  selector  #2  in  the  blue  position  and  the  CVP- 
33^6  Solenoid-Operated  Shut-Off  Valve  in  the  de-energized  position.  With  test  fluid  at 
room  temperature  apply  hydraulic  pressure  until  the  CVP-33^  Pressure  Relief  Valve  per¬ 
mits  the  rated  flow  of  2^  gpm  to  register  in  the  flow  meter.  At  rated  flow  of  25  gpm 
the  differential  pressure  between  gages  G^  and  G^  shall  be  approximately  4,850  psl. 
There  shall  be  no  appreciable  leakage  and  no  movement  of  the  actuator.  Rctduce 
pressure  at  gage  Gj^  to  approximately  500  ?8l.  Repeat  this  cycle  10  times. 
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4.2.4  Alter  test  set-up  by  placing  the  CVP-3356  Solenoid-Operated  Shut-Off  Valve 
In  the  energized  position  and  closing  the  manual  shut-bff  valve.  Maintain  selectors 
#1  and  #2  In  the  red  and  blue  positions,  respectively.  With  test  fluid  at  room 
tenqperature  apply  4,000  psl  ±20  psi  maxlsiium  at  gage  C4^.  Actuator  will  operate  between 
limit  switches  during  cycling.  Operate  actxiator  a  minimum  of  100  cycles.  No  appreciable 
leakage  shall  be  permitted.-  Qnploy  cu:tuator  loading  device  to  regulate  actuator  to 
approximately  24  cycles  per  minute. 

4.2.5  Repeat  paiagraphs  4.2.1  throu^  4.2.4  with  test  -fluid  at  +450®F. 

4.2.6  Repeat  paragraphs  4.2.1  -through  4.2.4  wl-th  test  fluid  at  -20®F. 

4.2.7  Alter  test  set-up  of  Figure  1  as  foj.low8: 

(a)  Remove  filter  bo\^l  and  element  of  the  CVP-3353-2  and  C3VP-3353-3  filter 
assemblies,  being  careful  not  to  ro-tate  the  remaining  part  of  -the  filters  with  respect 
to  the  CVS- 54943  manifold. 

(b)  Disconnect  -the  "cylinder  pressure"  and  -the  "outlet  pressure"  lines 
from  selector  jfl  and  connect  these  lines  to  pianp  pressure  line  In  accordance  with  dotted 
lines  of  Figure  1. 

(c)  Place  selector  ^1  in  dotted  position,  manual,  shut-off  valve  In  closed 
position,  and  CVP  3356  shut-off  valve  in  energized  positions. 

With  test  fluid  at  room  temperature  apply  hydraulic  pressure  until  gages 
Oi,  Gq  and  Gk  Indicate  50  psi.  Main-tain  this  pressure  for  five  minutes.  Leakage  shall 
be  measured  during  the  last  three  minutes,  and  shall  not  exceed  7  drops  per  minute  for 
CVP-3353-2  and  8  drops  per  minute  for  CVP-3353~3*  Increase  hydraulic  pressure  to  4,000 
psi  ±20  psl  and  maintain  -this  pressure  for  five  minutes.  Leakage  shall  be  measured 
during  the  last  three  minutes,  and  shall  not  exceed  3  3/4  drops  per  minute  for  CVP-3353-2 
and  41/3  drops  per  minute  for  CVP  -3353-3* 

4.2.8  Remove  dotted  pressui-e  line  and  reconnect  -the  "cylinder  pressure"  ^nd 
"outlet  pressure"  lines  to  selector  fl.  Reinstall  the  Cr/P-3353-2  and  -3  filter  bowls 
with  duotny  elements  made  specifically  to  provide  proper  pressure  drop  across  -the 
pressure  Indicators.  With  test  fluid  at  room  temperature  place  -the  CVP-3356  shut-off 
valve  in  the  de-energlzed  position,  manual  shut-off  valve  closed,  selector  ^1  In  the 
blue  position  and  selector  ffQ  in  the  red  position.  Slowly  apply  hydraulic  pressure. 

At  some  pressure  between  70  and  90  pci,  measured  at  Gl,  the  pressure  Indicator  of  -the 
CVP-3353-3  filter  shall  be  actuated  and  project  from  the  filter  bowl.  Reduce  hydraulic 
pressure  to  zero  and  manually  re-set  the  pressure  indicator.  Repeat  tills  test  cycle 
24  times. 

4.2.9  Alter  tent  set-up  of  paragraph  4.2.8  placing  the  CVP-3356  shut-off  valve  in  the 
energized  position  and  re-positioning  selector  fl  to  the  red  position.  Slowly  apply 
hydraulic  pressure.  At  some  pressure  between  70  and  90  psl,  measured  at  G,,  the  pressure 
indicator  of  the  CVP-3353-2  filter  shall  be.  actuated  and  project  from  the  filter  bowl. 
Reduce  hydraulic  pressure  to  zero  and  manually  re- net  the  pressure  indicator.  Repeot 
this  test  cycle  24  times, 

4.3.  PROOF  PREGSURE  TEGTG 

4.3.1  Remove  the  dummy  elements  from  the  filters  and  re-install  acttial  filter 
elements.  With  test  fluia  at  room  temperature,  manual  shut-off  -valve  in  the  closed 
position,  CVP-335  -  shut-off  valve  in  the  eiw  ■■  Ised  position  and  selector  in  dotted 

position  apply  hy’  lulic  pressure  (hand  punii  ,  tioiml).  Apply  pressure  at  a  rate  not 
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exceedinc  2f5,000  pal  per  minute  until  preasure  gages  0. ,  and  G2,  G,  and  G4  read  6,000 
pal  ±20  pal.  Jfelntaln  thla  pressure  for  a  minimum  of  Two  minutes.  Tliere  shall  be  no 
evidence  of  excessive  leakage,  permanent  set,  or  other  damage  to  the  package.  . 

4.3.2  Alter  test  set-up  of  paragraph  4.3.1  by  de-energlzlng  the  CVP-3356  ahut-off 
valve.  Apply  hydraulic  pressure  (hand  pump  optional)  at  a  rate  not  exceeding  25,000 
psl  per  ndnute  until  pressure  gages  G]^,  Gg,  and  G^  read  6,000  psl  ±20.  Maintain  this 
pressure  for  a  minimum  of  two  minutes.  Ih*essure  gage  Gj^.  shall  Indicate  zero  or  near 
zero  pressure.  Hiere  shall  be  no  evidence  of  excessive  leakage,  permanent  set,  or 
other  damage  to  the  package. 

4.3.3  Get  up  test  apparatus  per  Figure  2.  Tlie  package  shall  be  In  two  parts, 
the  CVS-54943  manifold  assembly  and  the  CVS-54944  manifold  assembly.  This  paragraph 
Is  concerned  with  proof  pressure  testing  of  the  shut-off  features  In  the  CVS-54944 
manifold  assembly  only.  Apply  sufficient  force  by  hand  against  shut-off  pistons  to 
cause  each  piston  to  unseat.  Pistons  shall  reseat  due  to  spring  for-re  of  shut-off 
return  springs.  Operate  each  shut-off  piston  in  this  manner  several  times  to  assure 
unrestricted  operation  of  each  shut-off.  Place  the  selector  In  the  blue  position  and 
irtth  test  fluid  at  room  temperature  apply  hydraulic  pressure  by  hand  pump,  obaervini: 
leakage  past  shut-off  piston  of  pressure  line  for  one  minute  at  5  psl,  100  psi,  5OG  , 
1,000  psl  aird  at  proof  pressure  of  6,000  psl.  Record  leakage  rate  at  each  pressure 
setting  read  on  pre6s\u:*e  gage  Gj^.  Reduce  pressure  to  zero  and  hand-actuate  the  pvessux’e 
line  shut-off  piston  several  times.  Repeat  the  pressure  tests  at  5/  100,  5OO,  1000 

and  6,000  psi  and  record  leakage  rates.  Leakage'  rates  shall  not  exceed  3  drops  per 
minute  at  5  poi  nor  1  drop  per  minute  at  6,000  psi. 

4.3.4  Alter  test  set  up  of  paragraph  4,3.3  ty  placing  the  selector  in  the  red 
position  and  test  fluid  at  rocsn  temperatxire  apply  hydraulic  ptessure  by  hand-pump, 
observing  leakage  past  the  shut-off  piston  of  the  relief  line  for  one  minute  at  5  psi, 
100  psi,  500  psl,  1,000  psl  and  at  proof  pressure  of  6,000  psl.  Record  leakage  rate 
at  each  pressure  setting  read  on  pressure  gage  Gg.  Reduce  pressure  to  zero  and  hand- 
actuate  the  relief  line  shut-off  piston  several  times.  Repeat  the  pressure  tests  at 

5,  IGO,  500,  1000  and  6,000  psl  and  recoi’d  leakage  rates.  Leakage  rates  shall  not 
exceed  3  drops  per  minute  at  5  psi  nor  1  drop  per  minute  at  6,000  psl. 


LIGHT 

INDICATOR 


FIGURE  1 


CVP3S47-I 
switch -7 


-PACKAGE* 5 

CV5-54943-L 

CV5-54944-I 

^AUTO.  SHUT-OFF 


CVP3353-3’C‘ 

FILTERS. 


CVP3356-rC' 

SHUT-OFF-^ 


rE  pos 
switch 


-CVP3353'Z^d”  L_ - 

FILTER 

CVP3350-E*C 
RELIEF - 

—ENERGIZED 
- DE-ENERGIZED 

4W-EP  SOLENOID 
OPER.  SELECTOR 

io 

LIMIT  switches  Y 
SWITCHES-^  r  ^ 


YT 


-Pressure 

Line 


(AIRCRAFT 
V  PUMP, 


FLOW  § 
METER  i 


\Relief 


I  I 

^  'K# 

'Si 

3  I 


SHUT¬ 

OFF 


_ _ i 


3W-dP 

SEIECTORH 


-Return 

Line 


'3W-EP  [ 

SELECTOR*Z  nWCHECK 


Ikr — ^ 

Actuator  Loading 
Device 


LAB  CYL 


HAND 

PUMP 

N 


NEEDLE 


APPEIIDIX  III- 3 

tj:r  plug  MD  STRATOFIHX  PLUG  TESTS 


APPENDIX  III-3 


LEE  PLtn  AND  STRATOFLEX  PLUS  TESTS 


LEE  PLUS  TESTS 


Tvelve  Lee  plug  test  sang>le8  divided  into  tharee  sizes  were  evaluated. 

The  puipose  of  this  plug  is  to  externally  seal  drilled  passages  that  are  made 
in  the  manifold  blocks  during  manufacturing. 

The  assembled  unit  consists  of  two  parts:  a  plug  euid  a  pin  as  shown  In 
Figure  III -26  .  The  plug  has  minute  annular  lands  on  the  O.D.  and  a  slightly 
tapered  hole.  The  pin  has  a  matching  taper  and  as  the  pin  is  driven  Into  the 
tapered  hole  of  the  plug^  the  O.D.  e:q?ands  Into  the  bore  of  the  manifold. 

This  expansion  pressure  Is  of  such  magnitxide  that  the  manifold  material  brin- 
nels  and  moulds  ajrouoA  the  ann\ilar  lands  of  the  plug,  thereby  effecting  a 
seal  and  preventing  blowout. 

Two  each  of  a  -2S,  -4s  and  -7S  Lee  plug  were  tested.  The  sleeves  and 
plugs  were  assembled  Into  a  manifold  containing  ports  designed  according  to 
the  vendor's  specifications.  Pertinent  plug  and  port  data  are  given  in 
Table  III-4.  Static  hydraulic  pressures  to  6,000  psl  at  room  teniperature 
were  applied  to  the  plugs  with  no  leakage  occurring.  The  plugs  and  manifold 
were  then  Installed  In  a  temperature  box  and  subjected  to  a  toted  of  47,400 
pressure  lopulse  cycles  to  6,000  psl  while  being  subjected  to  tenqperatures 
ranging  from  -65*P  to  450*P.  There  was  no  evidence  of  leakage  at  any  time 
throughout  the  tests. 

Use  of  Lee  plugs  as  a  passage  seal  appears  vexy  encouraging  with  one 
exceptl(ni.  Forces  required  to  Insert  the  pin  Into  the  plug  were  much  higher 
than  expected,  ranging  from  1,600  pounds  to  13,020  pounds  for  the  smallest  to 
the  largest  sizes,  respectively.  All  pins  were  lubricated  with  either  Oron- 
Ite  8200  hydraulic  fluid  or  with  NIL-0-3273A  grease  before  insertion.  Pins 
were  installed  and  the  forces  were  applied  with  a  compression  test  machine. 

Additional  tests  were  performed  on  the  Lee  plugs  to  determine  the  sig¬ 
nificance  of  the  high  Installation  forces  previously  found.  Other  tests 
were  perforaed  to  determine  seal  performance  when  Installed  In  thin  wall 
ports. 

Two  each  of  a  -2S,  -43  and  -7S  I^e  pin  and  plug  were  Installed  In  a  com¬ 
mon  test  housing  having  ports  designed  according  to  the  vendor's  specifica¬ 
tions.  Pertinent  plug,  port  and  test  data  are  given  in  Table  III-$  .  The 
plugs  were  proof  pressure  tested  at  450* P  and  6,000  psl  and  were  subjected  to 
50,000  p.i.e.  (pressure  linpulse  cycles)  In  accordance  with  the  pressure-tlrae- 
tenperature  spectrum  presented  in  Figure  11-22.  Upon  c(»pletlon 

of  the  pressure  Impulse  cycling,  u  burst  pressure  test  of  10,000  psl  was 
performed.  No  leakage  or  failure  occurred  at  any  time  during  the  testing. 

One  each  of  a  -20  and  a  -4s  plug  design,  both  s/N  5,  was  Installed  Into 
a  thin  wall  port  made  by  machining  off  the  threads  and  boring  out  the  I.D. 
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of  tvo  AN  stainless  stub  fittings  of  appropriate  size.  Pertinent  plug,  port 
and  test  data  are  shown  In  Table  IIl-^  The  -28  plug  design  conpleted  a 
proof  pressure  test  of  50,000  p.l.c.  and  a  10,000  psl  burst  pressure  test 
without  leakage  or  failure.  The  -4s  plug  blew  out  of  the  fitting  after 
8,^7  p.l.c.  Visual  examination  of  the  port  and  plug  Indicated  that  little 
or  no  upsetting  of  metal  had  occurred  when  the  plug  was  originally  Installed. 
The  -4s  plug  with  the  pin  was  coated  with  Biggs  bonding  agent,  #385,  re¬ 
installed  In  the  port  and  baked  at  450*  F  for  1  hotir.  The  force  required  for 
this  Installation  was  approximately  the  same  as  that  of  the  first  Instedla- 
tion.  The  plug  and  port  fitting  were  installed  In  the  temperature  box  and 
p.l.c.  was  resumed  simultaneously  with  raising  of  the  tenflperature.  After 
1,358  p.l.c.  and  at  an  oil  temperature  of  405“P,  the  plug  again  blew  out. 

Test  results  Indicate  that  the  Lee  plug  Is  a  reliable  means  of  plugging 
port  holes  provided:  (l)  the  port  has  a  reasonable  wall  thickness  (minimum 
of  approximately  l/3  of  plvig  diameter),  (2)  port  tolerances  are  accurately 
controlled,  and  (3)  port  material  is  sufficiently  hard. 
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STRATOFLEX  PLUG  TEST 

Tvelve  Stratoflex  pliig  test  saniples  divided  into  fovir  si&es  were 
evaluated.  The  purpose  of  this  plug  is  to  externally  seal  drilled  passages 
that  are  made  in  the  manifolds  during  fabrication.  The  assembled  unit  con¬ 
sists  of  a  solid  threaded  plug  screwed  into  a  flareless  type  manifold  port 
as  shown  in  Figure  III-29. 

'  Two  each  of  a  -3,  -5,  -8  and  -10  Stratoflex  plug,  as  described  in  the 
previous  Quarterly  Progress  Report,  were  tested.  The  plugs  were  installed  in 
a  single  manifold  containing  ports  as  described  in  Table  III -6  .  Physical 
data  for  the  plugs,  initial  torque  and  maximvun  torque  imposed  on  the  plugs 
before  being  imposed  to  inqjulse  pressure  cycling  are  also  shown.  Static  pres¬ 
sure  sealing  at  room  temperature  was  achieved  on  all  plugs  with  the  exception 
of  the  -8  S/Nl  plug.  Leakage  for  this  plug  was  very  low  at  6,000  psi  and  was 
considered  sufficiently  low  so  as  to  allow  the  performance  of  pressure  ing>ulse 
cycling. 

With  the  plvigs  tightened  to  the  maximum  torques  shown  in  Table  III -6 
the  plugs  were  installed  in  the  temperature  box  and  subjected  to  47,400  p.i.c. 
at  temperatures  from  -65*F  to  450®F  with  no  evidence  of  leakage  or  with  no 
increase  of  leakage  in  the  case  of  the  -8  plug  in  the  temperature  range  from 
75*F  to  450*F.  At  a  temperature  of  -65*F,  all  plugs  were  found  to  leak  sig¬ 
nificantly  under  pressure  in5>ul8e  cycling.  Upon  raising  the  temperature  to 
room  teuiperature  and  above,  the  plugs  were  again  found  to  seal  as  before. 

The  manifold  was  then  removed  from  the  temperature  box.  One  plug 
(those  designated  s/N1)  of  each  size  was  removed  and  the  sealing  surfaces  of 
the  -5,  -8,  -10,  and  the  threads  of  the  -3  plug,  were  coated  with  a  bonding 
agent.  The  bonding  agent  was  No.  385  from  Carl  H.  Biggs  Company,  2255  Barry 
Avenue,  Los  Angeles  64,  California.  After  application  of  the  agent,  the  plugs 
were  installed  in  the  manifold  and  baked  at  375  ^  20*F  for  1  hour. 

After  baking,  the  plugs  were  subjected  again  to  static  hydraulic  pres¬ 
sures.  Only  the  -8  s/N1  plug  was  found  to  be  leaking.  An  effort  was  made  to 
remove  the  plug,  however  it  could  not  be  removed  without  stripping  the 
internal  wrenching  socket. 

The  poor  sealing  performance  of  the  plugs  is  no  doubt  due  in  part  to 
the  ports  of  the  manifold  being  slightly  out  of  tolerance.  The  ports  were 
machined  on  an  individual  basis  rather  than  being  finished  with  a  single 
tool  containing  the  port  profile.  The  latter  method  would  eliminate  all 
spiraling  and  enable  the  forming  of  closer  tolerance  ports. 
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COMPONEIfr  LOCKINO  DEVICES 


HEU-COIL  INSERT  TEST 

Preliminary  teste  were  condvicted  on  the  locking  Eeli-Coil  insert  to 
determine  the  torque  characteristic s  of  this  type  insert  which  has  the  third 
coil  deformed  to  provide  ten  flat  sections  in  the  helix.  These  flat  sections 
provide  Interference  with  the  thread  installed  In  the  Insert,  thereby  pro¬ 
viding  a  locking  action.  The  torque  required  to  thread  the  test  plug  into 
the  test  block  in  which  the  insert  was  Installed  was  recorded  every  quarter 
tiirn  from  engagement  of  the  first  deformation  until  the  shoulder  of  the  plug 
bottomed  on  the  block.  Readings  were  also  talcen  every  quarter  turn  as  the 
pltig  was  removed  from  the  block.  These  values  were  taken  for  the  following 
conditions : 

1.  The  origineil  insert  with  retaining  roll  pin  still  in  place 

2.  The  original  insert  with  retaining  roll  pin  removed 

3.  A  second  insert  without  a  retaining  pin. 

The  plug  was  installed  and  removed  four  times  in  each  of  the  above  condi¬ 
tions.  The  data  for  the  Installations  is  presented  in  Figures  III-30. 


The  torques  required  for  removal  are  comparable  to  those  for  installa¬ 
tion  and  in  some  instances  even  higher.  So  far,  indications  are  that 
repeated  installations  will  lower  the  torque  values  for  installation  and 
removal.  Motion  of  the  insert  in  the  test  block  was  not  detected  after 
removal  of  the  retaining  pin  from  the  original  insert  nor  during  the  second 
Insert  test.  However,  the  plug  has  only  three  complete  threads  which  are  not 
enough  to  engage  all  the  deformations  of  the  insert. 

The  results  of  these  preliminary  tests  warranted  further  investigation 
of  the  capabilities  of  this  type  of  thread  locking  device.  In  preparation 
for  more  extensive  tests,  a  manifold  which  utilizes  a  1-3/fl  -  12  UNF  Hell- 
Coil  screw-lock  insert  and  a  plug  of  the  same  thread  size  were  designed.  Two 
plugs  were  fabricated  and  two  manifolds  were  partially  completed.  These 
memifolds  were  sent  to  the  vendor  for  tapping  with  em  insert  tap  and  instal¬ 
lation  of  the  Hell-Coil  Inserts. 

The  two  manifolds  whicli  luul  been  sent  to  the  vendor  for  Installation  of 
screw-lock  inserts  were  received.  The  plug,  3/N  1,  and  manifold,  g/n  1,  were 
assembled.  The  torque  requii-ed  to  install  the  plu(5  was  recorded  at  each 
quarter  turn.  Ttie  assembly  was  pioot’  pressure  tested  for  2  minutes  at  6,000 
psl.  The  assembly  was  then  installed  In  tin-  tempei-ature  box  of  the  Impulse 
cycling  system  and  tested  to  l.he  following  conditions:  hydraulic  impulse 
cycle  from  zero  pressure  to  u  peak  siu-ge  pressure  of  6,000  psi,  then  to  a 
system  operating  pressure  of  4,000  psi,  uiid  back  to  seio  pressure.  The 
cycling  rate  was  35  cpm  and  the  fluid  and  ambient  te.nperatures  were  450*P 


for  *10.000  eyeles,  minui  65*F  foi  10,000  cycles,  end  450*F  for  1,000  oyeles. 
The  total  of  51,000  cycles  was  ooopleted  without  leakage.  The  waa  re¬ 
moved  and  torque  readings  were  taken  at  each  quarter  turn  during  removal. 

The  insert  had  backed  out  of  the  manifold  during  luqpulse  cycling  or  during 
bUk  naoval.  The  pli«  was  Inatalled  aad  resnvad  aevan  additional  tines 
vlS  torqpe  recordings  taken  as  before. 
the  in^ln-the  manifold.  The  decay  of 

tlcm  and  removal  of  the  plug  with  respect  to  the  nwaber  of  Instamtlona  Is 
presented  in  Figure  m-3l.  The  first  Installat^  and  remo^ 
s/N  2,  and  manifold,  s/K  2,  resulted  in  the  Insert  backing  ^  of  ^  nanl^ 
fold  completely.  A  new  insert  was  installed  and  pinned  in  the  ma^fold.  ^ 
pin  wa?a  portion  of  a  drill  which  was  broken  off  during  the  drlJJJjag  op<r*7 
tlon  The  insert  again  unscrewed  fr«n  the  manifold  diurlng  the  first  removal 
of  the  plug,  1  <  ng  of  the  threads  in  both  installations  caused  high  torqjjes 

which  resulted  in  the  binding  of  the  insert  to  the  plug. 
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LCMQ  LOC  TEST 

A  sanqple  of  a  Long  Lok  was  obtained  for  evaluation  for  possible  use 
on  the  hydraulic  nodules  Installed  In  nanlfolds.  The  locks  consist  of  a 
small  section  of  stainless  steel  tubing  pressed  into  a  precut  slot  In  the 
threaded  portion  of  the  module  as  shown  In  Figure  III-32. 

A  test  block  with  a  threaded  hole  to  match  the  nodule  was  fhbrloated 
for  the  test.  The  block  was  heat  treated  to  the  approximate  Rc  hardness 
that  will  be  used  In  the  actual  manifolds. 

The  test  sample,  a  10-32  bolt,  was  inserted  In  the  test  block  and  fin¬ 
ger  tightened  until  the  lock  was  engaged.  The  test  sample  was  then 
tightened  with  a  torque  wrench  and  the  torque  noted.  The  torque  required 
to  tighten  the  bolt  one  revolution  varied  as  the  bolt  rotated.  (See  Figure 
III-33)  Figure  III-3k  presents  the  torque  required  to  Insert  and  remove 
the  test  bolt  the  first  time  It  was  Installed  In  the  test  block.  Figure 
III-33  presents  the  same  data  for  the  second  Installation  of  the  test  bolt 
In  the  test  block. 

1.  The  torque  variation  during  each  turn,  as  shown  In  Figure  HI -33 
Indicates  that  the  lock  Is  not  as  effective  after  a  thread 
groove  Is  fonaed  In  the  lock  tube. 

2.  The  torque  required  to  remove  the  bolt  was  substantially  less 
than  that  required  to  insert  the  bolt  on  the  first  Installation, 
as  shown  In  Figure  111-34. 

3.  The  torque  required  to  Insert  and  remove  the  bolt  on  the  second 
Installation  Is  less  than  that  required  on  the  first  Installa¬ 
tion.  This  reduction  can  be  observed  by  comparing  Figures  HI -34 
and  III -35. 

A  test  block  to  accept  a  3/4  Inch  bolt  Incorporating  a  "Long-Lok"  thread 
lock  was  fabricated  from  4l40  steel  having  a  hardness  of  Kc  4l  (l68,000  psl). 
Two  bolts  with  "Long-Lok"  thread  locks  were  Installed  in  and  removed  from 
the  test  block  twice.  The  torque  required  to  turn  the  bolt  was  recorded 
at  every  l/6th  of  a  turn.  The  results  of  these  tests  are  shown  In  Figures 
III-36  through  III-39.  Ihe  torque  required  to  remove  the  bolts  after  the 
first  Installation  was  much  less  than  the  torque  required  to  Install  the 
bolt.  The  reduction  of  the  torque  on  the  second  Installation  Indicates 
the  re-use  of  the  "Long-Lok"  to  be  impractical. 
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APPENDIX  III -5 
PACKAGE  TEST  RESULTS 


HIRFOSE  -  The  package  teata  were  conducted  alimiltaneoualy  with  the  com¬ 
ponent  development  and  qualification  vhlch  vaa  a  part  of  the  Fhaae  II  effort 
Theae  teata  were  dealgned  to  anaver  the  queatlonat  (l)  Do  the  conponenta, 
when  grouped,  have  any  Interaction  upon  each  other  vhlch  will  cauae  a  given 
component  to  perfona  differently  than  It  doea  when  tested  singly?  (2)  Are 
the  coaoponents  satisfactory  as  they  are  being  qualified  or  should  design 
modifications  be  made?  (3)  What  Is  the  magnitude  of  pressure  loss  which 
will  occur  In  the  Intricate  passages  of  a  typical  package?  (4)  Will  any 
structural  weaknesses  show  up  In  the  packages  because  of  asymmetrical  design 
and  a  restiltlng  unequal  distribution  of  stresses?  The  discussion  which 
follows  will  show  that  the  only  structural  problems  which  were  met  con¬ 
sisted  of  part  deflection  uMer  presstire  which  allowed  leal,  .  i  from  seal 
Installations.  Face  mounted  seal  Installations  must  be  made  very  rigid 
because  of  the  low  spring  back  Inherent  In  a  metallic  seal.  Several  design 
Inadequacies  abowed  up  In  the  various  conq>oneuts.  These  were  corrected  by 
working  with  the  manufacturezs  responsible  for  the  development  of  the 
units.  The  pressure  drop  tests  are  Inconclusive.  More  work  should  be  done 
In  this  area,  inasmuch  as  the  measured  losses  bear  no  agreement  with  the 
calculated  losses  for  some  passage  configurations. 

BUMBER  1  PACKAOE  TESTS  -  The  Bo.  1  Package  Is  a  manifold  containing 
three  modular  ccmponents.  These  components  are:  (l)  a  three  way  -  two 
position  solenoid  operated  selector  valve,  (2)  a  two  way  restrictor  and 
(3)  a  check  valve.  These  components  had  satisfactorily  completed  the  eval¬ 
uation  test  prior  to  Installation  in  the  package.  The  check  valve  operated 
satisfactorily  throughout  the  package  test  program  but  difficulties  were 
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experienced  with  the  selector  valve  and  two-way  restrictor,  nie  selector 
valve  hung  In  the  open  position  during  high  temperature  operation  and  was 
returned  to  the  manufacturer  for  rework.  After  this  rework  the  valve 
operated  satisfactorily  during  a  complete  re-run  of  the  evaluation  test 
and  the  remainder  of  the  package  test  program.  ISie  two  way  restrictor 
filter  screen  in  the  six  gpm  flow  path  came  loose  and  was  found  In  the 
selector  valve  cavity  of  the  manifold.  The  manufacturer  of  this  restric¬ 
tor  also  encoiuitered  this  difficulty  in  development  tests  and  has  elimi¬ 
nated  it  by  adding  baffles  within  the  restrictor. 

The  results  of  the  package  test  program  were  satisfactory  with  the 
exception  of  the  pressure  drop  data.  The  value  of  the  pressure  drop  data 
with  the  components  replaced  by  test  plugs  is  questionable  due  to  the 
large  differences  in  the  data  recorded  for  the  two  flow  paths  tested.  Cie 
dynamic  effects  of  the  fluid  stream  appear  to  provide  a  restrictive  action 
In  one  case  and  little  or  none  In  the  other.  If  this  Is  true,  the  cavity 
configuration;  size,  shape  and  porting,  and  direction  of  flow  Influence 
the  pressure  drop  to  such  an  extent  as  to  render  the  data  useless  as  a 
basis  for  comparison  to  pressure  drop  data  taken  with  the  conipouents 
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NUMBER  2  PACKAGE  TESTS  •  *016  No.  2  Package  Is  an  actuator  with  a  inanl* 
fold  In  the  lug  end>eap.  The  manifold  provides  cavities  for  three  4  gpm 
components.  These  components^  which  are  a  one  way  restrictor,  a  shuttle 
valve,  and  a  relief  valve,  had  satisfactorily  met  the  evaluation  test 

requliements  prior  to  installation  in  the  test  package.  The  only  dlffi- 

1 

culty  ejqjerleneed  with  the  components  was  sticking  of  the  relief  valve 
during  low  temperature  operation.  The  valve  was  adjusted  to  relieve  at 
a  differential  pressure  of  4800  psl  at  room  temperature,  but  \dien  the 
system  ten^rature  was  lowered  to  minus  15  degrees  F  the  valve  operated 
only  once.  The  pressure  was  increased  to  5200  psi  on  the  second  pressure 
application  without  ox)enlng  the  valve.  The  valve  was  heated  to  room 
temperature,  and  operational  checks  showed  the  valve  would  operate  satis¬ 
factorily.  Tlie  temperature  was  lowered  to  minus  10  degrees  F  and  a 
pressure  of  5100  psi  was  applied  without  opening  the  valve.  The  valve 
adjustment  was  reset  to  open  at  a  differential  pressure  of  4600  psl  at 
a  temperature  of  40  degrees  F.  The  temperature  was  reduced  to  minus  15 
degrees  F  and  the  valve  operated  at  a  differential  pressure  of  4800  psi. 
The  valve  failed  to  open  on  the  second  jasssure  application,  but  operated 
properly  on  subsequent  pressure  applications.  The  manufacturer  did  not 
experience  any  difficulties  of  this  type  during  qualification  tests  of 
the  valve.  The  failure  to  open  could  possibly  be  attributed  to  difference 
in  the  ambient  and  oil  temperatures.  The  ambient  temperature  was  minus 
80  degrees  P  while  the  oil  temperature  was  10  degrees  F.  This  tempera¬ 
ture  difference  and  the  heat  generated  at  the  valve  poppet  might  cause 
binding  of  the  poppet. 

The  seal  between  the  actuator  barrel  and  end  cap  manifold  leaked 
when  pressure  was  applied  to  the  actuator.  The  seal  squeeze  \7as  Increased 


to  the  design  naxliBum  hy  machining  material  from  the  ftiee  of  the  manifold 
flange.  Ihe  joint  still  seeped  vhen  subjected  to  5000  psl.  This  seepage 
appeared  uniformly  around  the  Joint  between  the  bolts.  The  seepage 
appaxmntly  results  from  separation  of  the  Joint  with  pressure  application. 
No  further  effort  was  made  to  correct  the  seepage  because  the  system 
pressure  of  UOOO  psl  caused  no  seepage. 

The  pressure  drop  data  obtained  from  this  pacil^-age  is  more  consistent 
with  calculated  losses  than  that  of  the  Number  1  Package.  The  test  pro¬ 
cedure  used  was  the  same  as  that  for  the  Number  1  lockage,  therefore, 
the  consistence  of  the  data  is  due  to  configuration  and  arrangement  of 
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NUMBER  3  PACKAGE  TESTS  -  Ibe  Number  3  PEtckase  Is  a  tvo  part  Mudfold 
vhlch  has  five  eomponenta  in  one  part,  the  required  poirtlng  In  the  other 
part  and  autooatlc  shut-off  devices  In  the  four  passages  connecting  the 
two  parts.  l!he  five  coeq^ents  are:  (1)  a  pressure  switch,  (2)  a  class 
"C”  relief  valve,  (3)  a  solenoid  operated  shut-off  valve,  (k)  a  class  "B” 
filter,  and  (5)  a  class  "C"  filter.  Uxe  component  function  and  leakage 
tests  were  completed  satisfactorily  in  accord  with  the  test  procedure 
with  the  exception  of  the  relief  valve  and  filter  tests.  The  relief 
valve  full  flow  pressure  was  adjusted  from  the  required  U850  psi  differ¬ 
ential  pressure  to  40^0  psi  differential  pressure.  11113  adjustment  was 
necessary  in  order  to  eliminate  the  pressure  oscillations  \dilch  are  pre¬ 
sent  at  the  full  flow  condition  of  the  relief  valve  at  the  original 
setting.  Vpon  disassembly  and  inspection  it  was  found  that  this  valve 
was  not  mode  per  blueprint. 

Both  the  class  "B"  and  "C”  'filter  internal  shut-off  valves  which 

prevent  the  system  draining  when  the  illter  bowl  is  removed,  leaked 

excessively.  These  filters  were  fabricated  from  development  castings 

\ 

which  distort  under  pressure  allowing  leakage  at  the  shut-off  valves. 

The  filters  were  reworked  to  replace  the  original  castings  with  redesigned 
castings  ^dilch  eliminate  the  distortion  and  in  turn  the  leakage  at  the 
shut-off  valve.  The  filter  element  of  the  class  "B"  filter  was  found 
to  be  hung  in  the  filter  bowl  when  the  dummy  element  was  to  be  installed 
for  the  element  differential  pressure  indicator  tests.  The  element 
could  not  be  removed  by  hand,  but  removed  without  damage  by  gripping 
the  elenent  end  in  a  vise  and  tapping  the  bowl  with  a  hammer.  'Jhe  filter 
was  assembled  and  the  element  differential  pressure  indicator  test 
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conducted,  llie  Indicator  of  the  class  "C"  filter  would  not  reset  after 
the  third  actmtlon.  The  filter  bowl  was  raiqped  with  a  haaoMtr  and  then 
the  indicator  reset  properly. 

nie  leakage  testa  of  the  automatic  shut-off  valves  between  the  parts 
of  the  manifold  resulted  in  excessive  leakage  at  two  of  the  four  valves 
tested,  mie  two  leaking  poppets  were  lapped  to  their  seats  with  some 
success,  but  leakage  would  still  occur  if  the  poppets  were  caused  to  be 
moved  on  the  seat.  The  poppets  were  not  guided  sufficiently  due  to  the 
clearance  between  the  poppet  skirt  and  seat  barrel  to  insure  proper 
seating  of  the  poppet.  The  pressure  drop  data  for  this  package  was 
satisfactory.  The  pecvillarities  e^blted  by  the  Number  1  Package  are 
not  present. 

The  Hi-Ceals  between  the  two  parts  of  the  manifold  leaked  emd  the 
sreplacement  of  these  seals  with,  elastomer  o-rlngs  was  necessary  to  conduct 
the  test  program.  The  leakage  by  the  metal  seals  could  be  reduced  by 
Increasing  the  torque  on  the  bolts  Joining  the  two  peurts  of  the  manifold 
but  leakage  occurred  at  2000  psi  at  the  maximum  torque  valves  of  the 
bolts  (1/4  inch-400  inch  pounds,  3/8  inch-910  inch  pounds,  7/16  ineh- 
1200  inch  pounds).  After  the  completion  of  the  tests,  the  manifold 
parts  were  separated  and  the  seal  seats  were  polished.  The  manifold 
was  assembled  using  metal  see^s.  The  bolts  were  tightened  to  torque 
valves  of  200,  455  and  6OO  inch  pounds,  respectively,  for  1/4,  3/8  and 
7/16  inch  diameter  bolts.  Leakage  occurred  at  the  parting  plane  of  the 
manifold  at  1200  psi.  The  torque  on  the  bolts  was  doubled  to  attain 
the  maxiimmi  torque  valves  of  the  bolts  but  leakage  occurred  when  a 
pressure  of  2000  psi  was  applied. 
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